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OBSERVATIONS ON THE PARASITES OF CYDIA POMONELLA 
L. IN SOUTHERN FRANCE 

F. J. SiMMONDS* 

Imperial Parasite Service, Belleville, Ontario 

[Received for publication January 5, 19441 

INTRODUCTION 

The ccxlling moth, Cydia pomonella L., in Canada is an insect pest of 
major importance, particularly in the warmer parts of the country. Even 
though extensive and costly spraying programs are adopted, these do not 
seem to check the ravages of the pest, which threatens to make apple¬ 
growing unprofitable in large areas of Ontario. Hence it was decided to 
investigate the possibilities of the biological control of the codling moth in 
Canada by means of parasites imported from Europe, with the result that 
the present work was undertaken (Boyce (2) ). 

In 1928 and 1929 attempts had been made to obtain European parasites 
of the codling moth for introduction into New Zealand and South Africa, 
with a view to the biological control of the pest. Collections of hibernating 
larvae were made in France by Kozlovsky (Rosenl)erg (6) ) in the autumn 
and winter of 1928 and 1929. The material was kept for emergence, and 
hosts and parasites reared out. Some of the parasites were bred in the 
laboratory, and shipments of one sfx?cies, Ascogaster quadridentutus Wesm., 
were made to South Africa and New Zealand. The present work is, in 
many respects, a continuation and extension of Kozlovsky's and Rosen¬ 
berg’s work, and many references to, and comparisons with, the latter’s 
paper will be made. 

Site of Investigations 

Kozlovsky made the greater part of his collections in Northwest 
France, though smaller collections were made eleswhere. In these districts 
apple-growing is an important industry, but infestation by the codling 
moth is not excessive, and parasitism was found to be* very low (1.37^^ to 
25.75%). Hence a great deal of host material had to be crUected in order 
to obtain few parasites. It was, therefore, preferal^le to find a locality 
where parasitism was higher, even though the total number of hosts av^ail- 
able might be less. 

It was decided that the south of France would probably be a suitable 
locality for the investigations, although this is not an important apple¬ 
growing district. Here, in the Departments of \"ar and Alpes Maritimes, 
there are mountains which give, with change of ciltitude, highly varied 
climatic conditions. On the coast and in the lower parts of the river valleys 
the climate is subtropical, the summers are hot and dry, and the winters 
mild and wet. Higher up the mountains the climate becomes cooler, until 
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at St. Martin-Vt^subie (3,000 ft.), the highest locality investigated, the 
climate is sub-alpine. This great range of climatic conditions occurs in a 
comparatively small area. 

With the varying conditions in this district it was hoped that a thorough 
investigation of the biology of the parasites of Cydia pomonella might be 
made, and that their distribution might be correlated with differences in 
climatic conditions. Such knowledge would be important when consider¬ 
ing the introduction of parasite species for the control of Cydia in Canada, 
since ability to withstand adverse climatic conditions is a necessary charac¬ 
teristic of a parasite that is to be introduced. Hence the investigation w^as 
carried on chiefly in the Department of Var in the south of France, betw'een 
Marseilles and the Italian frontier, though collections were also made near 
Rouen in Normandy for comparison with those made in the south of France. 

Nature of Countryside 

The coastal strip around Le Lavandou (Var) where laboratory head¬ 
quarters were set up, is a fertile, and intensively cultivated region. The 
hinterland consists of cultivated valleys, and hills covered with xerophytic 
scrub, small pine trees, cork oaks, and Quercus ilex bushes. There is little 
succulent vegetation during the summer, since all that occurs in the spring 
is completely parched by July. In most places the farmers must irrigate 
many of their crops in the summer. The chief products are grapes, peaches, 
almonds, olives and figs. The farms are usually small, and much vegetable 
growing is done. Over most of the area there are few large orchards; the 
apple, pear, and quince trees are scattered, several to each small holding. 
This is a disadvantage in that large collections of Cydia material cannot be 
made from one place, but this is compensated for by the fact that these 
fruit crops are considered practically valueless, and are not given very 
effective insecticidal treatment, with the consequence that most of the 
fruit is attacked by Cydia. 

There are one or two small areas where apples and pears are extensively 
grown, notably at Sollies Pont (Var) and the Vcsubie valley (Alpes Mari- 
times). In the former locality the trees are systematically treated with 
arsenical sprays, etc., and Cydia infestations are, to a large extent, kept in 
check. In the Vcsubie valley the change of climate with increasing altitude 
prevents serious Cydia outbreaks. Here, at St. Martin Vcsubie, this 
sub-alpine climate is apparently too severe for Cydia, since no infested 
apples were found, though apples w^ere plentiful. The climate here is hot 
in the day time during the short summer, cold at night, and very cold in 
the winter, when several feet of snow occur. From St. Martin Vcsubie 
to the coastal strip there is a gradual transition to the sub-tropical climate. 
At Roquebilli^re (2,000 ft.) and La Lantosque (1,400 ft.) Cydia larvae 
were found, and samples taken; but it was only very much lower down, at 
Colomars and Nice, in the broad valley almost at sea level, that Cydia 
became common. Hence the distribution of Cydia itself in the region is 
considerabl^limited by climatic conditions, caused by differences in 
altitude. 

During the summer months of 1939, samples of apples were taken from 
many localities. The apples were dissected to find young Cydia larvae, 
which in turn were dissected to determine percentages of parasitism, and 
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the parasite species present in these younj^ stages of the host. Numbers 
of infested apples were also kept in order to rear adult parasites from the 
Cydia larvae. 

Also during the summer a large number of fruit trees were banded 
with 6-inch wide corrugated cardboard bands to obtain hibernating Cydia 
material. Several hundred trees were also banded in Northwestern 
France near Rouen, where there are many large orchards. However, 
owing to the more temperate climate, Cydia infestations are low*; about 
15% of the fruit was attacked this summer, compared with 80 to 100% in 
the south of France. In many orchards careful insecticidal treatment is 
carried out, and Cydia has been eliminated as a serious pest. On the way 
back to Le Lavandou a number of walnut trees w^ere banded near Grenoble 
(Is6re). 

During the latter half of August and September parasites were reared 
fromlhe samples of maggoty fruit collected, and many hibernating larvae 
of Cydia and parasites were obtained, both from banded trees and by 
scutinizing the bark of unbanded trees. 

Hibernating material thus collected was kept over winter and allowed 
to emerge in the following spring (1940). The life histories of the emerging 
parasites w’ere investigated, but the work was brought to an abrupt close 
with the collapse of France in June 1940, when all material and the majority 
of the notes on the work had to be abandoned at Bordeaux. Because of 
this, many exact figures relevant to various aspects of the work have been 
lost, and allow'ance must be made for the comparative vagueness of some 
of the statements concerning the length of life history of parasite species, 
percentages of parasitism, etc., in those cases where the exact figures are 
unavailable. 


DISSECTION OF YOUNG LARVAE 

In order to investigate the distribution of parasites in the young larval 
stages of Cydia, samples of attacked apples w ere taken from many localities. 
The apples were carefully cut up and the Cydia larvae removed. These 
w^ere then dissected, and the parasites contained in them noted. These 
w^ere: — 

Ascogaster quadridentatus, Wesm. This occurred as first stage larvae, 
never more than 1 in a host. 

Pristomerus vulnerator Panz. I'nhatched eggs and young first stage 
larvae were found. There were sometimes 2 in a host, and this species 
w^as found in hosts already containing an Ascogaster larva. 

Perilampus trisiis Mayr. Planidia of this species were found in un¬ 
parasitised Cydia larvae, and also in association with and 

pristomerus larvae. As many as 8 were found in a single host larva. 

The number of host larvae dissected and the parasites found are given 
in Table 1. 

Of the hosts para.siti.sed by Perilampus, 4 contained no other parasite. 
Since Perilampus larvae perish if alone in a primary host larva these 4 
cannot be included in the number of hosts considered parasitised. Hence 
the number of hosts parasitised effectively is 112, not 116 as appears from 
the table; the total percentage parasitism is thus 37.5, not 38.8, Had 
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Table 1.—Dissections of young larvae found in attacked fruit 


Locality 

— 

No. 

dissected 

Unpara- 

sitiscd 

Asco- 

gaster 

Prist* 

omerus 

Peri* 

lampus 

6. Le Luc (Var) 

14.vi. 39 

46 

30 

18 


-- ■■ 

7. Fr^jus (Var) 

19.vi. 39 

2 

1 

•— 

— 

1 

8. Fr^jus (Var) 

19.vi. 39 

23 

10 

12 

— 

4 

8. Fr4jus (Var) 

19.vi. 39 

25 

11 

13 

— 

2 

9. Le Muy (Var) 

19. vi. 39 

11 

10 

— 

— 

— 

11. Le Muy (Var) 

19. vi. 39 

27 

20 

7 

— 

— 

12. Le Muy (Var) 

19.vi. 39 

20 

12 

6 

2 

— 

12. Le Muy (Var) 

19. vi. 39 

23 

15 

8 

— 

— 

13. La Farlede (Var) 

23.vi. 39 

44 

27 

15 

3 

— 

14. Le Muy (V^ar) 

24.vi. 39 

6 

3 

3 

1 

— 

15. Nice (A.M.) 

28. vi. 39 

17 

9 

4 

3 

* 2 

16. Colomars (A.M.) 

28.vi. 39 

9 

4 

2 

3 

2 

17. La Lantosque (A.M.) 

28.vi. 39 

9 

5 

4 

1 


20. La Lantosque (A.M.) 

30.vi. 39 

1 18 

12 

5 

2 

— 

22. Le Lavandou (Var) 

3.vii. 39 

i 7 

5 

— 

2 

— 

23. Ste. Maxime (Var) 

6.vii. 39 


9 

1 

2 

— 

Total 


i 299 

183 

99 

19 

11 

% Parasitism 


— 

61.2 

33.1 

6.4 

3.7 


the apples been left on the tree, the percentage would probably have been 
higher. The parasitism by Ascogaster, a species parasitising the host eggs, 
would not have increased, nor would that of PerilampuSy whose planidia 
presumably enter the host larva before it burrows into the fruit. However, 
the host larvae would have been exposed to further attacks by Prislomerus, 
and the amount of parasitism by this species would have been greater. 

In order to determine the stage of larva attacked by the three parasite 
species, records were kept of the head capsule size of each host dissected. 
These records show that all three species are present in the first stage 
Cydia larvae. 


FRUIT ATTACKED 

Cydia pomonella has been recorded from many different fruits: apple, 
pear, quince, peach, chestnut, walnut, etc., and it was thought possible that 
the parasite complex associated with hosts on different fruits might vary. 
The various species of fruit trees might have varying degrees of attraction 
for the adult parasites, or the availability of hosts to'ovipositing parasites 
might differ. 

In the early part of the summer apples were found to be the only fruit 
attacked hy Cydia to any extent. A few pears were infested, but no larvae 
were found wquinces. Later, however, pears were more heavily attacked, 
although still less so than apples. In the autumn quinces suffered heavily, 
and nearly every fruit contained several larvae. The following figures 
show the number of larvae collected from banded quince trees compared 
with the number of fruit on each tree. 
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Locality 37.— La Favi^re (Var). Banded 31. viii.39. 

Bands and trees examined 22,ix. 39 
and 21.x. 39 


— 

No. of fruit 

Larvae 

Tree 1 | 

60 

109 

2 

34 

52 

3 

15 

1 

62 

1 

4 

44 I 

1 



153 1 

! 314 

j 


Awrage—2.05 larvae per fruit. 


I'his fij(ure is no doubt too low, since all the larvae would not make 
their cocoons on the ‘‘host” tree; and even all those that did so would not 
be found. 

Walnut trees were banded at Grenoble in a farm where Cydia larvae 
were found attacking; the nuts. These bands, examined at the end of 
November, contained larg:e numbers of hibernating larvae. 

Almonds, plums, chestnuts, and peaches were also banded, but no 
Cydia larvae were obtained. 

No difference was seen in the parasite complexes associated with 
different fruit except in two cases. Both specimens of Ephwltes rugicollis 
Desv'. that were reared came from quince trees. The second case was 
shown by the material from the walnut trees mentioned above. From this 
material there emerged a larger proportion of Cryptus sexati?iulutus Grav. 
than was found in other collections, Trichomma enecator Rossi was also 
more common in this material. 

PARASITES REARED FROM LARVAE IN FRUIT 

Maggotty fruit was collected as abov’e, but kept in large wooden bo.xes 
with gauze tops. The boxes were examined daily, and anv fully fed larvae 
that had come out of the fruit were placed separately in glass tubes where 
there formed their cocoons. The emergents were then noted. 

Parasites reared were:— 

Ascogaster quadridentatus Wesm. 

Pristemerus vulnerator Panz. 

Trichomma enecator Rossi. 

Hyperparasite:— 

Perilampus tristis, Mayr (parasite of Ascogaster and Pristomerus), 

The figures in Table 2 give the parasites emerging from larvae obtained 
in these collections. 
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Table 2.—Emergents from Cydia material collected from attacked fruit 


Locality 

Date 

Total 

larvae 

Hibern¬ 

ating 

Cydia 

Asco- 

gaster 

Prist- 

omertis 

Tri- 

chomtna 

Peri- 

lampus 

6, Le Luc (Var) 

14.vi. 39 

27 

8 

13 

6 




8. Frtjus (Var) 

24.vi. 39 

49 

12 

10 

21 


— 

6 


ll.vii. 39 

260 

112 

96 

24 

7 

— 

21 

12. Le Muy (Var) 

24.vi. 39 

18 

1 

15 

2 

— 

— 

— 


19.vi. 39 

9 

5 

4 

— 

— 

— 

— 


9.vii. 39 

96 

49 

41 

4 

— 

— 

2 


9.vii. 39 

80 

22 

48 

4 

2 

1 

3 


21.vii. 39 

35 

23 

12 

— 

— 

— 

— 

15. Nice (A.M.) 

27.vii. 39 

48 

43 

1 

1 

2 

— 

1 

16. Colomars (A.M.) 

27.vii. 39 

78 

66 

4 

2 

2 

2 

2 

22, Le Lavaiidou (Wir) 

3.vii. 39 

12 

1 

9 

“ 

2 

— 

“ 

Total 


712 

342 

253 

i """ 

15 

3 

35 

% Total 


— 

48 

35.6 

9.0 

2.1 

0.4 

4.9 

% Emergents 


— 

— 

68.4 

17.3 

4.1 

I 

0.8 

9.5 


Thus the total parasitism was 31.6%. Here, as in the dissections, the 
percentage of Pristomerus and also that of Trichomma is probably slightly 
less than that which would have occurred had the apples been left on the 
trees, exposed to further attacks by these two species. The individual 
species reared will be discussed below. 


FIELD EXPERIMENTS 

During the summer two experiments were carried out to investigate 
the following two points. 

1. Does the severity of attack by Cydia, or the percentage of parasit¬ 
ism, differ at different points on a tree, or are both host and parasite oviposi- 
tions uniformly distributed? If large differences in this direction occurred, 
spraying with insecticides might be profitably regulated, so that heavily 
attacked parts of the tree received most treatment, while those where 
parasitism was high were untreated. In this way a given amount of 
insecticide would be used to the greatest advantage; and parasites, which 
otherwise would have been killed, would be allowed to emerge. 

2. Does the variety of apple affect the amount of parasitism or per¬ 
centage of larvae hibernating? Whether the variety affected the severity 
of the attack by Cydia was not investigated, but results from rearing experi¬ 
ments suggested that the percentage of larvae of the summer generations 
of Cydia that went into hibernation varied with the variety of apple tree. 

In the^se of the variation of parasitism in different parts of the tree 
only a single tree was investigated. The fruit was collected into 8 separate 
lots, from the 4 upper and 4 lower quadrants, the tree being ‘^quartered’* at 
the 4 points of the compass. The attack and emergents from each lot 
was noted. The southwest part of the tree was more heavily attacked by 
Cydia than the rest, and the Cydia larvae in the southeast lower part of 
the tree were more heavily parasitised than the remainder. Such an 
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experiment on a single tree is inconclusive evidence, but it is possible that 
more extensive investigation might indicate some differences in this direc¬ 
tion, caused perhaps by such factors as the increased sunlight on the 
southern side of the tree. 

From the experiments on two different varieties of apples, insufficient 
parasites were reared to see if there was a significant difference in parasitism 
between the two. There was, however, considerable difference (27.5% 
and 53.3%) between the numbers of larvae going into diapause rather 
than emerging (in midsummer) suggesting that the quality of larval food 
influences the tendency to go into diapause. 

BANDING AND HIBERNATING MATERIAL 

In order to collect a quantity of fully grown Cydia larvae and to 
investigate the parasites which attack the lar\'ae within their cocoons, use 
was made of the familiar method of banding trees with corrugated card¬ 
board. The bands used were about 6 inches in width and were placed as 
high as possible on the tree trunks, below the first branching. About 700 
trees were banded; these were mostly apples, but there were also a number 
of pears, quinces, and walnuts, and a few plums, almonds and chestnuts. 
These bands were placed on the trees at varying times until the end of 
August, and were removed during September, October and November. 
At the same time as the bands were removed these and other trees w'ere 
searched for hibernating larvae. The crevices in the trunks were carefully 
examined and the dead bark stripped off with a penknife. 

With smooth barked trees such as young apples and quinces, the 
proportion of larvae which formed their cocoons in the cardboard bands 
was considerable; but w hen the bark was much fissured, as with old apple 
trees and pear trees, very few* larvae were found in the bands, the majority 
having formed cocoons in the bark itself, show ing the necessity of scraping 
rough barked trees prior to banding. 

During this collecting, numbers of parasite cocoons (within Cydia 
cocoons) and insects that are possibly predaceous on hibernating Cydia 
larvae, were also found. These were kept and are discussed below% 

The greater part of the material collected in this way remains as 
hibernating larvae until the following spring. However, a certain number 
of parasites emerged. These were:— 

Braconidae Ascogaster guadridentatus, Wesm. 

ICHNEUMONIDAE Pristomerus vidnerator Panz. 

Trichomma enecator Rossi 
Ephialtes caudatus RaU. 

Cry plus sexamiiilatus Grav. 

Chalcididae Dibrachys cavus Walk. 

Dihrachys affmis Alasi 
Melittobia acasta Walk. 

Secondary parasites reared w^ero:— 

ICHNEUMONIDAE Hemitcles, 1. —From Cryptus sexannulaius, 
Hemiteles, 2.—From Ephialtes sp. 
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Chalcididae Dibrachys cavus Walk.—From Cry phis ^ Asco- 
gaster, and Pristomerus. 

Perilampus tristis Mayr.—From Ascogaster and 
Pristomerus, 

The hibernating material consisted of about 6,000 Cydia larvae and 
was obtained in two ways: 

(a) Individuals which went into hibernation from the collections of 
apples made in the early summer for rearing experiments. 

(ft) From tree trunks and “banded” trees. In addition to this, 150 
Ephialtes cocoons were collected, about 80 Cryptus, and a number 
of fully grown larvae of Dibrachys sp. Several unidentified 
parasite cocoons were also found. Ascogaster and Pristomerus 
were found overwintering as cocoons as well as in young larval 
stages within hibernating Cydia larvae. 

As soon as the Cydia larvae were collected, they were placed with strips 
of corrugated cardboard, 1 inch wide and 5 corrugations broad, in which 
they formed their cocoons. These formed conveniently handled units. 

A number of larvae collected were divided into two size groups, since 
some of them are very much smaller than others. These small larvae 
have been stated to be parasitised by Ascogaster^ and it was hoped to see 
the difference in degree of parasitism between the groups when adults 
emerged. 

All hibernating material was placed in an outhouse on a stone floor, 
and in February it was examined and placed in glass tubes or in cages 
suitable for emergence. As stated above much of the material had been 
separated into two parts, according to the size of' the Cydia larva, and this 
distinction was still retained. The majority of the material was “forced”, 
to provide earlier emergence, but some was kept under natural conditions 
in order to determine the normal times of emergence of the various species. 
These two categories will be dealt with separately. In both, percentage 
emergence varied with the conditions under which the hibernating larvae 
had been kept throughout the winter, and artificial hastening of emergence 
did not alter this. The best emergence was about 80%, when the larvae, 
spun up in corrugated strips, had been placed in metal gauze tins within 
cardboard containers and kept on a stone floor in an unheated outhouse. 

Forcing 

As has already been stated, it was decided, after successful trials, to 
force out the larger part of the hibernating material so that breeding experi¬ 
ments could be c.ommenced. The material was removed from the boxes 
in which it had been kept over the winter and was placed in cages or jars 
kept in constant temperature boxes at 25® C. Each day emergents were 
removed and recorded. The sequence in which the parasites emerged 
was the same as that given below for unheated material, and emergence 
commenced ^LU^e beginning of March, about 6 weeks earlier than under 
natural condi^ns. 

Table 4, drawn up from the few figures available, gives an idea of the 
percentages of parasitism, and the difference between the ”large” and 
"small” hibernating larvae in this respect. The material was taken from 
quince trees growing in the hot coastal regions. 
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With the ‘‘small” Cydia larvae there were also a numlxir of larvae of 
Anarsia lineatella, and some of the Ascogaster and Pristomerus may have 
emerged from this host. The scarcity of Cydia in the emergents does not 
indicate that only few Cydia larvae were present, but merely that the 
majority of these “small” larvae were parasitised. This was seen more 
clearly in other material. From this table it can clearly be seen that larvae 
parasitised by Ascogaster remain comparatively small before going into 
hibernation, and that only a very small percentage of these small larvae 
produce Cydia adults. The death rale of the “small” compared with the 
“large” is very high even though the two groups were kept under similar 
conditions. It is also evident that the Cydia larvae parasitised by Pris¬ 
tomerus tend to reach the normal size before hibernation occurs, although 
the “small” section contains 8.4% of this species in the emergents. 


Table 4.—Emergents from hibernating material 


LfKality 

Size 

No. of 
larvae 

No. 

emerging 

Cydia 

Anarita 

Asco¬ 

gaster 

Prist- 

omerus 

Pm- 

lampus 

! 

1 Para- 
1 sttiLm 

1. Le Lav'andou 

Small larvae 

2.S4 

53 


3 

36 


6 





20.9* 

1.9 

3.7 

67.9 

13.2 

11.4 

' 92.5 

2. Lc May 

Small larvae 

100 

21 

— 

11 

9 

1 





— 

21 .0 

_ 

52.4 

42.9 

4.7 

— 

47.6 

3. I.c May 

Small larvae 

103 

63 

1 


48 

5 

9 

— 



— 

61.3 

1.6 

— 

76.2 

8 0 

14 3 

98.4 

4. Ste. Maxinic 

Small larvae 

180 

78 

— 

54 

19 

5 

— 

. 



— 

43.3 

— 

69 2 

24-4 

6 4 

— 

^ 30.8 

Total 


! 637 

215 

2 

68 

112 

IS 

15 

— 


i 

1 

-- 

33.7 

0.9 

31.6 

52.1 

8 4 

7.0 

67.5 

5. Lc Lavandouj 

Large larvae j 

70 ! 

! 39 

|~s 

. 

i 

4 

_ 

— 



1 

55.7 

; 89.7 

— 

i _ 

10 3 

— 

10 3 

6. Lc l^vandv)u 

Large larvae 

227 

169 

109 

1 — 


48 

12 

’ _ 




74.4 

64.5 

' 


28.4 

7.1 

35.5 

7. Le Lav'andoii 

j Large larvae 

575 

474 

1 402 


— 

62 

10 

— 



_ 

i 82.4 

1 84.8 

; — 


13.1 

2 1 

15.2 

8. Le Miiy 

Large larvae 

43 

i 32 

31 


_ 

1 

— 

— 



— 1 

i 74.4 

; 97.0 

— 

— 

3.0 

“ 

! 3.0 

Total 


915 ! 

1 

: 577 

_ 

1 — 

115 

22 

, — 



— 

1 7H.4 

' 80.8 

— 

— 

16 1 

3.1 

19.2 


• The second line in each case indicates percent.‘*{e. 


Natural Conditions 

In order to obtain the normal times of emergence of L»oth Cydia and 
its parasites under the conditions prevailing in the south of France, about 
1,000 cocoons of the host and parasites were placed out of doors in cages 
contained in a large wooden box, closed and placed in the sun. A duplicate 
box was placed next to this, wh*<4i contained a hygrothermograph for 
recording temperature and humidity. That this gave almost normal 
emergence times was confirmed by the observations in the field. 

Hemiteles spp. emerged first, very much earlier than the rest. The 
remaining species of parasites, with the exceptions of Ascogaster and 
Perilam^is, emerged well before Cydia, Ascogaster began to emerge some¬ 
what after the host, and Perilampus was the last to emerge. This can be 
seen from Figure 1, giving dates of emergence (Ascogaster and Perilampus 
only approximate). 
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PERILAMPUS TRISTIS 
ASCOGASTER QUADRIDENTATUS 
CYDIA POMONELLA 
CRYPTUS SEXANNULATUS 
EPHIALTES SP. 

PRiSTOMERUS VULNERATOR 
DIBRACHYS CAVUS 
HEMITELES SP 



Figure 1. 


Table 5.—Ecto-parasitism of hibernating Cydia larvae 


Locality 

Date 

No. of 
Cydia 
larvae 

Ephialtes 

cocoons 

Cry plus 
cocoons 

Dihrachys 

Paralysed 

11 

4.xi. 39 

150 

29 

5 

2 

5 

12 

4.xi. 39 

350 

5 

— 

3 

— 

15 

13.xi. 39 

101 

— 

3 

— 

1 

16 

13.xi. 39 

20 

— 

1 

— 

1 

20 

13.xi. 39 

73 

3 

5 

— 

3 

23 

26.xi. 39 

460 

7 

4 

11 

8 

24 

20. X. 39 

243 

21 

2 

— 

— 

25 

19,ix. 39 

77 

5 

— 

— 

— 


18. X. 39 

36 

2 

— 

— 

— 

27 

10.ix, 39 

541 

— 

1 

— 

— 


23.xi. 39 

156 

— 

18 

— 

2 

35 

13.xi. 39 

245 

1 

8 

— 

3 

36 

13.xi. 39 

59 

5 

1 

— 

1 

37 

16.ix. 39 

147 

3 

— 

— 

1 


18. X. 39 

51 

1 

— 

— 

— 


22. X. 39 

227 

14 

3 

1 

— 

38 

3.ix. 39 

160 

— 

— 

— 

— 

39 

15. X. 39 

60 

— 

— 

— 

2 

40 

17. X. 39 

23 

1 

— 

— 

— 

41 

18. X. 39 

11 

1 

— 

— 

2 

42 

18. X. 39 ' 

55 

— 

— 

— 

2 

43 

! 19. X. 39 

i 243 

2 

3 


1 

44 

! 22.xi. 39 

104 

1 

— 

— 

4 

45 

23. X. 39 

9 

3 

— 

— 

1 

46 

24. X. 39 

148 

4 

5 

— 

9 

47 

25. X. 39 

137 

7 

— 

— 

— 



15 

1 

_ 


___ 



25 

1 

— 

— 

_ 

48 

25. X. 39 

64 

1 

1 

— 

_ 

49 

4.xi. 39 

11 

— 

— 

— 

— 



3990 

118 

60 

17 

46 




2.8% 

1.4% 

0.4% 

1.1% 


Total number attacked by parasites: 241 5.7%. 
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Ectoparasites in Hibernating Material 

An indication of the percentage parasitism by ecto-parasites of the 
hibernating Cydia larvae in their cocoons is given in Table 5. This shows 
the number of parasite cocoons and larvae collected, at the same time as 
the collections of hibernating Cydia larvae were made. Owing to the fact 
that parasities may be on the wing and ovipositing in the autumn after the 
collections were made, and that, as is seen in the diagram, they emerge (or 
start ovipositing) before Cydia emerges in the spring; the figures in Table 5 
are certainly lower than the real percentage parasitism achieved by these 
species. 

No significant difference is seen between the percentage parasitism of 
Cydia larvae taken from apples, pe ars, or quinces. From those taken from 
bands on walnut trees, the same parasite species were obtained but the 
percentage of Trichomma and Cryptus was much higher. Also no difference 
was noted due to varying locality, or to climatic variation in the mountains. 
Hibernating larvae from North France were so few as to giv'e no results. 


List of Parasites Emerging from Hibernating Material 


Primary Parasites 
Ichneumonidak: 

Pri stonier us vulnerator Panz. 
Trichomma enecator Rossi 
Ephialtes caudatus Ratz. 

E. crassiseta Thoms. 

E. ruficollis Desv. 

£. cydiae Perk. 


Fndoparasitic within Cydia larv'a. 

I'ndoparasitic within Cydia larva. 

Kctoparasitic on Cydia larva in 
cocoon. 

Kctoparasitic on Cydia larv'a in 
cocoon. 

Kctoparasitic on Cydia larva in 
cocoon. 

Kctoparasitic on Cydia larva in 
cocoon. 

Kctoparasitic on Cydia larva in 
cocoon. 


Cryptus sexannulatus Grav. 
Braconidae; 


Ascogaster quadridentatus Wesm. Fndoparasitic on Cydia larva. 
Meteorus{?)chrysophthalmHsysees Fndoparasitic on Cydia larv’a. 


Chalcididae; 

Dibrachys affinis Masi Endoparasitic in Cydia pupae. 
D. cavus Walk. Kctoparasitic on Cydia larv'ae. 


TAailNIDAE: 

Arrhinomyia tragica Mg. Endoparasitic in Cydia larva. 


Secondary Parasites 
Ichneumonidae: 

Hemiteles spp. Parasitic on Ephialtes, Cryptus, and Pristamerus 
cocoons. 

Chalcididae: 

Perilampus Iristis Mayr. Parasitic on Pristomerus, Cryptus and 

Ascogaster. 

Dibrachys cavus Walk. Parasitic on Prisionierus, Ephialtes, 

Cryptus and Ascogaster cocoons. 
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The list contains only species which are definitely known to have 
emerged from Cydia pomonella L. Besides the above there were 2 further 
unidentified species of Ichneumonidae and 2 Chalcididae, single specimens 
of which emerged from the Cydia material. 

With the emergents from hibernating material experiments on the 
length of life of the adult parasites and the life histories of the species were 
started, and will be dealt with under each species separately. 


PREDATORS AND DISEASE 

In the **bands** and under the bark of trees examined for hibernating 
Cydia larvae, numbers of possible Cydia predators were taken; these 
included: Tenebrioides mauritanicus L. (Temnochilidae) ; Dolichosoma 
lineare Rossi (Melyridae); Cantharis (? rustica Fall.) (Cantharidae) ; 
Malachius (? bipustulatus L.) (Melyridae); Mecynstarsus (? serricornis 
Panz.) (Anthicidae). 

All of these are Coleoptera. Raphidiid larvae, Geophilids, and the 
mite Pediculoides ventricosus, Newp., are also possible predators. 

These predators were all tested in the laboratory with Cydia cocoons, 
but in no case were the experiments successful, and the value of insect 
predators in the control of Cydia in the south of France would appear to 
be negligible. 

In many places the '‘bands” were attacked by birds, the larvae being 
removed from their cocoons through holes in the cardboard. Lizards have 
been found under the “bands,” and no doubt they destroy a number of 
larvae descending the tree trunk to form their cocoons. 

Many larvae in the cocoons were found attacked by fungus and poly¬ 
hedral disease, which must decrease the numbers of hibernating larvae 
considerably in some seasons. 


NOTES ON PARASITES REARED 

Host 

Cydia pomonella L. 

From forced material the host species began to emerge in the middle 
of March, from material under natural conditions on 1st May, and was seen 
in the field a few day^ later. For breeding experiments with some of the 
species young larvae were required, and from the middle of March onwards 
Cydia breeding cages were set up under conditions generally supposed to 
be favourable to the species, 25® to 30® C., and high humidity. Many 
types of containers were tried, but it was only after some time that a 
reasonable supplyeggs was obtained, in glass jars kept in the dark at 
30® C. No experiments were done on the life history of Cydia, the main 
point of interest being the time of emergence—from Ist May onwards, and 
the number of generations annually. The second generation was found (in 
1939) to emerge from the beginning of July onwards, and individuals which 
may belong to a partial third generation emerged in September. 
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Primary Parasites 

Prisiomerus vulnerator Panz. {Ichneumonidae, Ophioninae) 

A full host list is given by Rosenberg (6) who makes the suggestion, 
also indicated here, that the species also parasitises Anarsia lineatella Zell. 
Prisiomerus apparently occurs throughout Europe, and is found also in 
Japan. 

This species was present in material from all localities investigated, 
and occurred to the extent of just under 40% in one collection of larvae 
made from quince trees in the Var. The average percentage was about 
10 to 20. Prisiomerus began to emerge on 7th April and continued to do 
so until the 24th of this month; the sexes were about equal (about 200 
individuals), and the males emerged somewhat before the females. As 
Prisiomerus parasitises very young Cydia larvae, there would thus be a 
period of about a month between the earliest emergence of the parasite 
and the presence of larvae suitable for parasitism. Eggs were found in 
dissected hosts in the middle of June and adults emerged:— 


July 






August 


24 25 

1 

26 

27 

28 

29 

30 31 

1 2 3 

4 5 6 

August 








7 8 

9 

10 

11 

12 

13 14 15 

16 17 18 

19 

1 






1 1 2 

1 

August 





Soptember 



20 21 

22 

23 

24 


12 



1 1 

1 


1 


1 



A female 

was 

also 

seen 

on 

v30th September ovipositing. 

Thus there 


appear to be two generations during the year with a possible partial third 
in the late autumn. 

On emergence in the early spring adults were placed in breeding cages 
to determine the length of life. They were supplied wiUi honey-water 
and raisins. 

There were three different set-ups:— 

1. Adults from material placed at 25° C. to hasten emergence—in 
small cage. 

2. Adults from material emerging under natural conditions: 

a. In small cage; 

b. In large cage (1 cubic metre). 

Between 1 and 2a there was little difference in length of life. There was, 
however, a great difference in coloration, those from heattnl material were 
lightly coloured, with a predominance of red markings and little black 
coloration; those emerging under natui\*! conditions were, on the other 
hand, very darkly marked, had little red coloration, and had a greenish 
sheen. 

There was also a striking difference in longevity l)etween adults kept 
in small cages and those in the large one. Those in the latter cage were 
much shorter lived than the others; this jx^rhaps was due to their greater 
opportunity for flying, and hence greater consumption of energy. In all 
cases males were slightly shorter-lived than females. 
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In no case was mating observed. However, for breeding experiments 
females were removed from a cage where about 50 individuals of each sex 
had been together for some time. These females were placed 5 at a time 
with SO young Cydia larvae in suitable cages. These cages were 40 cm. 
in length, 20 cm. wide, and 12 cm. high. The floor and back were made of 
wood, the two sides of very fine iron-wire gauze, and the top was of glass, let 
into the wooden framework of the cage, and which could easily be lifted 
out by turning the fasteners which held it in place. The front was of 
wood, hinged at the base to act as a door, and in 'the centre of this was 
bored a large hole fitted with a cork through which insects could be intro¬ 
duced or removed. 

Fitting into these cages, but leaving sufficient room for a jar of honey- 
water and some raisins, were pieces of wood 2.5 cm. thick, which had 50 
holes, 1.5 cm. deep bored in the upper side. Into these holes glass tubes 
fitted tightly. For oviposition experiments these tubes were prepared as 
follows. 



d 


Figure 2. Diagrams showing Cydia larvae in apple plugs used for Pristomerus 
propagation:— 

(a) Cork-borer co^ining a plug of apple, piston pushing the apple into a glass tube. 

(b) Glass tube wfrfrapple plug inserted, skin of apple flush witn edges of tube and 
fitting tightly. 

(c) Tub^ prepared as (b) inverted over holes of the same diameter in wooden block. 
Single Cydia larvae which have just hatched have been confined in these spaces, when 
they bore into the apple plugs. 

(d) After 24 hours tube is inverted in hole, now with Cydia larvae just below skin, 
and ready for parasitisation experiments. 
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By means of a cork-borer and well-fitting plunger pieces of apple of 
the same diameter as the glass tubes were inserted into the mouths of the 
latter so that the apple skin was flush with the edge of the glass (see Figure 
2). Freshly emerged Cydia larvae were then placed with a brush onto 
the apple skin, one to each tube, and the tube inverted in one of the holes 
in the wooden tray (see diagrams). The Cydia larva could wander in the 
air space and eventually bored into the apple plug. After being left for 
a day to enable the larvae to bore into the apple, the tubes were inverted 
and placed in the holes with the apple skin e.xposed (as in Figure 2). 

Trays of tubes thus prepared were placed in the cages with the 
Pristomerus females, which showed great interest in the apple plugs and 
immediately commenced exploring the apple surface with their antennae. 
Great interest was shown when the antennae reached the holes by which 
the Cydia larvae had bored into the apple, and when they were over frass 
or other traces of the larvae. When some trace of a host larva was found 
the female excitedly thrust the ovipositor into the apple or larval tunnel, 
sometimes inserting the whole abdomen into the latter in an attempt to 
reach the larva. 

In the first trials females were left with smaller trays of larvae for 
24 hours or more, after which the larvae were removed from the apple 
plugs and dissected. In one of these 10 male and 10 female PristofJierus 
were left for two days with 40 prepared apple plugs and then these were 
examined. Thirty-four larvae were found, the other 6 having presumably 
wandered off the plugs. These were dissected and contained:— 

No. of parasite eggs 0 1 2 4 5 6 24 27 

No. of Cydia larvae 19 613-21 1 1 

Thus 84 eggs were laid and 15 out of 34 hosts parasitised. 

Unfortunately these are the only exact figures available, but this 
shows that about 3 eggs were laid per female per diem. In similar experi¬ 
ments superparasitism was always great, and the egg distribution was such 
that fewer hosts were parasitised than would have been expected from a 
random distribution of eggs. This was caused by the fact, as seen above, 
that individual larvae sometimes receive a very large number of eggs. 
The two larv’ae which recei\ed 24 and 27 eggs in the experiment above 
were completely choked with parasite eggs, and were moribund. This 
superparasitism was due to the dilTering availability of the Cydia larvae. 
Some tunnelled deeply into the apple plug and were comi^leleh immune 
from attack by the parasites; others, having only tunnelled shallowly, were 
soon heavily parasitised and stung to immobilit}’. 

To avoid this the apple plugs were then made thinner (.5 cm.) so that 
larvae could not become immune by ^urrowing deeply into the plug. 
Dissections showed less superparasitism by the ovipositing females. In 
larvae collected in the field 2 or 3 Pristomerus eggs were sometimes found, 
but no heavy sufxjrparasitism was noted. 

After being exposed to ovipositing females the apple-plug trays were 
removed and the larvae dissected out of the apple. Parasitist'd larvae 
could be distinguished by the easily visible black parasite eggs. These 
larvae were then placed with apples in boxes for the further development 
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of the Cydia larvae and their contained parasites. Several hundred 
parasitised larvae, placed on apples in this way were being reared. The 
life history was found to agree with the description given by Rosenberg 
(1934). 

In 1939 the first emergence record for Pristomerus was 24th July, and 
the spring generation began to emerge on 7th April, 1940. Hence the life- 
cycle is about 3^ months to the summer generation, including 3 to 4 weeks 
after emergence as a pre-oviposition period before suitable hosts are avail¬ 
able. A single specimen emerged in September, 1939, and several others 
between this month and March, 1940, from hibernating material. Hence, 
in the south of France, there are two generations of Pristomerus, with a few 
odd individuals emerging during the winter. 

The stages in which the insect hibernates are interesting. Hibernation 
occurred most commonly in the young larval stage, probably the first stage, 
within the host. Several such larvae were found in dissections of hibernat¬ 
ing Cydia larvae. The larvae feed up quickly in the spring, discard the 
empty host skins, and spin their cocoons. This occurs about a fortnight 
before the pupation of unparasitised Cydia material, and gives a simple 
method of separating material parasitised by Pristomerus from the 
remainder. Although this is the most usual stage for hibernation, through¬ 
out the winter there have been found in the field in the south of France 
Pristomerus cocoons from which adults have emerged in the spring. Also 
from a cocoon taken from a quince tree on 18th October, 1939, there 
emerged, on 16th November, a female Pristomerus which hibernated as an 
adult, and lived 144 days until 18th April, 1940. Hence this species can 
overwinter in several stages. 

It was found to be parasitised in the cocoon by:— 

Hemiteles sp. 

Dibrachys cams Walk. 

D. affinis Masi (only in laboratory experiments); 
and in the larval stage by:— 

Perilampus tristis Mayr. 

Trichomma enecator Rossi {Ichneumonidae, Ophioninae) 

A full host list is given by Rosenberg (6), in addition to which it was 
reared from pine shoot moth {Rhyacionia buoliana Schiff.) material taken 
in the south of France in 1940. 

This species was much rarer than Pristomerus, and was found in Cydia 
material from apples, pears, and quinces. Here it constituted about 1% 
of the emergents. It also emerged from a pupa of Rhyacionia buoliana. 

Emergence from ‘'forced’^ material occurred at the same time as, or 
slightly before, that of Pristomerus, Only 5 males emerged out of a total 
of about 20 indivlAals. At room temperature both sexes lived for about 
5 weeks, and, as with Pristomerus, there is an enforced pre-oviposition 
period before suitable hosts are available. 

Copulation was observed several times, in all cases some days after 
emergence. There was no preliminary courtship before mating; the males 
flying in the cage suddenly alighted on the females* backs, and copulation 
occurred immediately, lasting for about an hour. 
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P'or oviposition females were placed in cages prepared as for Pris- 
iomeruSy with day-old Cydia larvae in the apple plugs, whole apples con¬ 
taining larvae being also present. As in the case of PristomeriiSy all traces 
of the larvae were carefully examined with the antennae, and attempts 
were made to parasitise the young larvae. The abdomen was considerably 
arched so as to bring the short ovipositor under the head whence it was 
thrust into the hole left by the Cydia larva on entering the apple. The 
short ovipositor is supplemented by the long abdomen, which is thrust into 
the larval tunnels in the excited efforts of the female to sting the host. 
Several larvae were dissected but no eggs or parasite larv^ae were found. 
Unfortunately the subsequent development could not be investigated owing 
to the international stitutation. 

This was recorded only three times fr^mi Cydia material collected while 
still in the fruit, and emerged on 14th and 20th August and at the end of 
September. Thus there are two generations of this species. 

Rphialtes spp. 

Species of this genus reared from Cydia material by Rosenberg were 
identified as Ephialtes extensor Taschb. .Subsequent re-examination of the 
specimens showed that there were two distinct species present. E. candahis 
Ratz., and E, crassisela Thoms, (see Perkins (4) ), but no E. extensor 
Taschb. 

From hibernating material lK)th these species were reared, together 
with Ephialtes sp. nov. since described by IVrkins (5) as E, cydiae^ and an 
unidentified species, which, from correspondence with Perkins, seems likely 
to be E. ruficolliSy Desv. 'Fhe comparative numbers of the species in the 
material may be judged from Table 3, which gives those Ephialtes emerging 
from a part of the hibernating cocoons. 


Table 3 . —Emergenis from kcio-parasite cocoons 


E, caudatus 

E. crassiseta 

1 

_ ! 

E. ruficollis j 

I 

1 

E, cydiae \ 

j Crypt US 

HeniiteJes 
(ex Crypt us) 

32 (17rf’ 15 9) 

2 (2 9) 

i 

2(2 9) j 

5 (5 9) 

i 27 (Sd' 22$) : 

i 

1 

j 20 (d’ 14d’) 


From this it is seen that by far the most common Ephialtes species 
was E, caudatus Ratz. Collections of adults on the wing in the autumn 
showed that Ephialtes cydiae Perk, is also common. The other two species 
must be considered rare. 

Ephialtes spp, were found on apples, pears, and quinces, but not on 
walnuts. However, more extended collections would probably have found 
them here. JE. ruficollis Desv. was found only on quince. The percentage 
occurrence oi Ephialtes is seen in Table 4, where, ow ing to the impossibility 
of separating the larvae of the species without microscopic examination, 
all species are placed together. In the diagram giving times of emergence 
(Figure 1), they have also been placed together, as they emerge at about 
the same time, the latter half of April. 
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Attempts were made to breed all four species, and the results are given 
below under each species separately. 

Ephialtes catidatus Ratz. As for the following species, exact figures for 
the length of adult life are not available, nor are the exact number of eggs 
laid per female. However, £. candatus was found to have a length of life 
in agreement with that given by Rosenberg for £. ''extensor,'* i.e. males 
about 4 to 5 weeks, females about 7 weeks. Copulation was observed 
many times, and females mated immediately on emergence from the cocoon 
(cf. Rosenberg). A pre-oviposition period of about a week to a fortnight 
followed this. 



Figure 3. Oviposition cage used for breeding Ephialtes and Cryptus showing 
muslin ends to the glass cylinder, honey-water dish, and Cydia cocoons. 

* 

After mating, females were isolated in cages for oviposition (see 
Figure 3). These cages were glass shades for oil-lamps with both ends 
covered with muslin; they contained dishes of honey-water and raisins and 
also 10 Cydia larvae hibernating in cocoons made in strips of corrugated 
cardboard. These latter were placed in a small cardboard “pill-box” and 
arranged so that they were available for parasitisation. Each day the 
cocoons were examined, and those which had been parasitised were repLaced, 
the number of eggs laid being recorded. Stinging and paralysis of larvae 
occurred for some days before actual oviposition took place. The acts of 
stinging and oviposition were as described by Rosenberg for E. "extensor; 
the number of ejjili laid, and presence of collapsed eggs, was also in agree¬ 
ment with his figures. Throughout the oviposition period eggs were laid 
steadily at the rate of 2 to 3 per diem. Then, after a few days in which 
no eggs were laid, the females died. Great variation occurred in both the 
length of life and number of eggs laid per female. Also during oviposition 
the ovipositors of several females were snapped off, either accidentally 
broken whilst egg-laying, or else bitten off by the struggling Cydia larva. 
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Superparasitism frequently occurred, no apparent discrimination 
between healthy and parasitised larvae bein^ shown. Two or more eggs 
were even laid during single attacks. In these cases, the first larva to 
hatch destroys the other eggs, or else the stronger larva kills the other 
larvae during the first stage, and only one develops per host. Development 
at 25® C. was the same as that given by Rosenberg for E. ''extensor '; i.e. 
egg stage about 1 day, 6 days for the 5 larval stages until cocoon formation, 
2 days forming the cocoon, and then 12 to 13 days until emergence; in all 
about 3 weeks for full developmental time. 

E. crassiseta Thoms. Only a few individuals of this species were reared 
and only 3 jars set up as above. Oviposition was poor, and the length of 
life less than in the preceding species. Development was similar to that of 
£. caudatus Ralz., as far as it was studied, although the life cycle was not 
completed. In one case this species was found in the field parasitic on an 
Ephialtes larva. The “hyperparasite ' was reared, and a female emerged 
which had developed on a larva of its own genus. 

Ephialtes rujicollis Desv. Only 2 females of this species were obtained 
from Cydia cocoons on quince trees. These females were unmated, lived 
about 4 weeks in the oviposition jars, and died without laying. 

Ephialtes cydiae Perk, h'mergence of this species occurred somewhat 
earlier than that of the other species of Ephialtes, Only 2 males emerged 
out of about 25 individuals. Mating was observed, but only some days 
after emergence. However, on 6th June, 1930, numerous males ot this 
species wen* seen flying round an apple tree at Aubord (Card), presumably 
waiting for the emergence of females from their cocoons. These males 
were undoubtedly the parthenogenetic progeny of females which emerged 
earlier in the spring. 

Right jars were se} up as l)efore for oviposition. There was a pre¬ 
oviposit ion period as in E, caudatus Ratz., length of life was similar, and 
there was a [period at the end of the life of the female when no eggs were 
laid. I'ewer eggs were laid by this species than by E. caudatus Ratz., but 
this may be due to the possible unmated condition of the females. Super¬ 
parasitism and de^'elopment were .similar to those in E. caudatus Ratz. 

A comparative study of the various stages of the species of Ephialtes 
was started, and drawings made where possible (not of E. rujicollis Desv.). 
The egg of Ephialtes cydiae Perk, differed from those of E. crassiseta Thoms, 
and E, caudatus Ratz. which were indistinguishable. Head capsules of 
freshly emerged larvae were different in the three species, as were the heads 
of the full-grown larvae, particularly as regards the labial ring. As far as 
could be followed, the development of the three species was similar. 

All the species emerge in tlu spring some three weeks before their host. 
In the field oviposition was observed in April, the spring generation of 
Ephialtes attacking the hibernating Cydia cocoons. Owing to the long 
life of the female parasite the spring generation is also able to attack the 
first generation of Cydia larvae in early June, which generation is also 
attacked by the progeny of the earlier emergents of the Ephialtes spring 
generation. 

There is, therefore, considerable overlap in the parasite generations. 
What occurs during the summer is as yet unknown, but presumably 
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parasites attack the first generation cocoons, and also the hibernating 
cocoons in August. Adults have been seen ovipositing from September to 
December, 1939. The winter may be passed as the young or fully-grown 
larva; and in Ephialtes cydiae possibly as the adult, since adults were seen 
flying in November, and although many of this species w^ere on the wing 
in the autumn, the percentage emerging from hibernating material was 
small. Some of the hibernating larvae seem to be in a diapause, which 
cannot be broken by rise in temperature; however, the majority are not so, 
and rise in temperature causes development to proceed normally; hiberna¬ 
tion in this case is due only to the fact that the temperature is insufficient 
for development, which is usually arrested in the late larval stage. 

Species attacking Ephialtes cocoons were; 

lie mi teles sp. 

Ephialtes crassiseta Thoms. 

Dibrachys cavtis Walk. 

Cryptus sexannulatus Grav. {Ichneumonidae, Cryptinae) 

This sj^ecies was quite common in hibernating material. Males were 
few, as is seen in Table 3. Cocoons were found on trees of all the fruits 
bearing the host. Emergence occurred at the same time as Ephialtes, that 
is, about 3 weeks before Cydia; under natural conditions emergences 
started on 13th April, 1940 {Cydia, 1st May). 

Females were placed in jars for oviposition, set up as for Ephialtes. A 
pre-ov'iposition period of about 10 days occurred, during which host larvae 
were paralysed but no eggs laid on them. After this eggs were laid regularly, 
at the rate of 3 to 4 per diem, until 50 to 60 (maximum) had been deposited, 
superparasitism occurring as with Ephialtes. Following this there was 
usually a period in which no eggs were laid, and the female died. From 
the first females only male progeny was reared. At 25° C. the egg stage 
lasts about 2 days, the larval period before cocoon formation about 6 days, 
and males emerged some two weeks after this. Thus the life cycle is about 
3 weeks. Males thus bred were placed with females and copulation was 
frequently observed, but no adult progeny was obtained from these females, 
owing to the cessation of the work. The length of life of the female was 
over 7 weeks, the average of that of the males 4 to 5 weeks. 

It would seem that females emerging in the spring oviposit on hibernat¬ 
ing Cydia larvae, giving rise to progeny consisting predominantly of males; 
these then fertilise the original females to produce a later bisexual genera¬ 
tion. As with Ephialtes, the course of generations during'the summer is 
unknown, but it is highly probable that the species can parasitise Cydia 
larvae throughout this period. The autumn generation gives rise to 
larvae which hibernate when fully-grown. 

In the ovip^iltion jars, Cryptus stung and oviposited on pupae as 
well as larvae of Cydia. The larvae hatching from eggs thus laid, started 
feeding at intersegmental joints, where the cuticle was thin. Many of 
these larvae did not complete their development, but a few managed to 
do so. This clears up a point mentioned by Rosenberg who was puzzled 
at finding a Cryptus cocoon associated with Cydia pupal remains. 
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Species found parasitising Cryptus cocoons were: 

Hemileles hemipterus F. 

Ilemiieles sp. 

Dibrachys cavus Walk. 

Perilampus tristis Mayr. 

Ascogaster quadridentatus Wesm. (Braconidae, Cryptogaslrinae) 

A full host list is given by Rosenberg (6). 

This was a common species in the hibernating material from all fruits, 
and, as shown in Table 4, the parasite larvae have the effect of arresting the 
development of the Cydia larvae before they reach their maximum size. 
Hence in hibernating material the percentage of parasitism by this species 
is much higher amongst the small larvae than amongst the large. 

This species emerged at the same time or somewhat after the main 
body of Cydia, about mid-May. The length of life was determined, but 
apart from this no work was done on Ascogaster. 

This was the most common parasite found in the young larvae of 
Cydia, and it was found in all localities investigated. In young larvae 
from fruit, the percentage parasitised was much greater than that found 
by Rosenberg in hibernating Cydia larvae. 

The first generation of Ascogaster emerges before June and emergents 
recorded were: 
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It seems that there are three generations with a partial fourth. The 
very late emergents may hibernate over winter, since unless there are 
alternate hosts available, it is difficult to see where ovipo'^ition could occur. 

Parasites: 

Dibrachys cavus Walk. 

Perilampus tristis MaA r. 

Meteorus} chrysophthalmus Nees (Braconidae, Polymorphinae) 

As before, Rosenberg (6) gives a full host list of this species. 
Specimens of a primary parasite of Cydia, thought to be this species, 
emerged from material from several localities, particularly from that from 
walnut trees at Grenoble. Emergence occurred at the same time as 
Ascogaster. There were only a few individuals and no mating was observed; 
and, although supplied with Cydia larvae in various stages, females made 
no attempt to parasitise them. 
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Arrhinomyia tragica Mg. (Tachinidae) 

Only 3 specimens of this species were obtained from thousands of 
hibernating larvae. These were supplied with Cydia eggs and young 
larvae, but no parasitism occurred; fully-grown larvae w'ere also supplied, 
without success. Owing to the small number of adult parasites available, 
attempts to breed them were discontinued. It seems possible that the 
species may attack fully-grown larvae when they leave the fruit to form 
their cocoons, although microtype eggs are laid, of the type usually laid 
on the food and ingested by the larvae. 

Secondary Parasites 

The following species were reared from Cydia material, but were 
secondaries, or at the most only occasionally primarily parasitic on Cydia. 

Hemiteles spp, (Ichneumonidaey Cryptinae) 

There were at least three species of Hemiteles bred from Cydia cocoons, 
and these included alate and brachypterous forms; the systematics of the 
group are, however, greatly confused, and exact determinations of the 
species are difficult. 

Hefniteles spp. were reared from: 

Pristomerus vulnerator Panz. 

Ephialtes sp. 

Cryptus sexannulatus Grav. 

Rosenberg (6) gives the host list of H. hemiptertis F. and deals briefly 
with the life history of this species, and also that of //. macnifus Ths. 
Hemiteles spp. were found naturally only as secondary parasites, but 1 
adult was reared through from an egg which had been laid on a Cydia 
larva, on which larvae oviposition readily occurred in the laboratory. It 
seems possible that, under natural conditions, a number of Cydia larvae 
are paralysed and killed by these parasites. 

By far the greater number of Hemiteles emerged from Cryptus cocoons, 
and from Table 3 it is seen that from part of the Cydia material emerged 
5 males and 22 females Cryptus and 6 males and 14 females—i.e. 
42.5% parasitism of Cryptus. Only in one case did the species emerge 
from a Pristomerus cocoon. 

Emergence occurred long in advance of all other species, commencing 
on 23rd March, 1940. , The species are long lived, and can therefore attack 
a large number of hibernating parasite larvae before these metamorphose 
in the spring. Even without this spring attack it is seen that 42.5% of 
the Cryptus cocoons are parasitised. Hence, in the absence of Hemiteles, 
the control of Cydia by Cryptus would perhaps be greater. 

Perilampus tristis ^ayr. (Chalcidae, Perilampidae ) 

Perilampids reared by Rosenberg (6) from Cydia material were 
identified as P. tristis Mayr. and P. laevifrons Dalm. He did not investi¬ 
gate the life-history of the species. Subsequent examination of the same 
material showed that only one species, P. tristis Mayr., was present, and 
all the material reared in this work belongs to the same species. Planidia 
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(Figure 4) were found in the young Cydia larvae dissected in the early 
summer. They were found in otherwise unparasitised Cydia larvae, and 
also in host larvae already parasitised by Ascogaster and Pristomerus. 



C 

Figcrl 4. Perilampus tristis Mayr. (a) planidium, (b) anterior end, (c) posterior 
end (long setae not shown in full). 

When unparasilised hosts are attacked by Perilampus, and no further 
parasitism occurs, the Perilampid larvae die: they only survive when 
further parasitism occurs, and are true hyperparasites, parasitising the 
primary parasites of Cydia. Superparasiiisni is common, as many as 8 
panidia having been found in a single Cydia larva, although only 1 Peri- 
lam pus emerges from the cocoon of the primar>' parasite. 

The life history of Perilampus has been fully worked out by Smith (8), 
Bergold and Ripper (1), and is mentioned by Boyce (2). Perilampus eggs 
are laid on the apple foliage and fruit, and the highly mobile and sclerotised 
planidia, which were found Ic^ move by movements similar to those of a 
geometrid “looper” larva, enter the first stage codling moth larva as it 
wanders around before entering a fruit. Here the planidia remain without 
change until further parasitism occurs (the host larva may, of course, 
already contain an Ascogaster larva) and then, when the primary parasite 
larva begins to feed, with the consequent destruction of the host, the 
Perilampid planidium enters the parasite larva. When the latter is fully 
grown and has spun its cocoon, the planidium bores to the exterior and 
feeds ecto-parasitically on the parasite larva, pupates, and eventually 
emerges from the parasite cocoon. This species has also been seen to 
emerge from Cryptus sexannulatus cocoons. In this case the primary 
parasite is an ectoparasite, and the planidium must move from the paralysed 
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Cydia larva into the ecto-parasitic Cryptus larva and continue its develop¬ 
ment kom this point (it has also been found in Canada to be parasitic on 
another ecto-parasite of Cydia—Aenoplex carpocapsae Cush.). 

The hosts from which Perilampus emerged were: 

Ascogaster quadridentatus Wesm. 

Pristomerus vulnerator Panz. 

Cryptus sexannulatus Grav. 

(Chrysopa sp. . ? Secondary parasite). 

Of 194 parasites emerging from a number of collections of larvae, 
16 were Perilampus; hence 8^^ hyperparasitism occurred. The number of 
Perilampus emerging from Ascogaster cocoons was greater than that from 
Pristomerus, but this was only due to the relative abundance of these two 
parasites, since the Perilampus attack on the host is entirely independent 
of the other two species. 

In the spring Perilampus was found to emerge some time after all the 
other parasites (see Figure 1), well at the end of the Cydia emergence 
period. As stated above, planidia were found in first stage Cydia larvae 
during dissections, and numerous specimens emerged from material col¬ 
lected while the Cydia larvae were still in the fruit. Emergence occurred: 
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and there are thus at least two generations during the year. This species, 
by destroying a number of primary parasites, lessens the degree of 
biological control of Cydia, and this effect will be discussed later. 

Dibrachys affinis Masi (Chalcidae, Pteromalidae) 

A host list is given by Rosenberg (6) who reared this species from Cydia' 
pupae. In the present work it was reared from the following two hosts: 

Cydia pomonella L. 

Pristomerus vulnerator Panz. 

This species was not found as a secondary parasite in the field, but it 
was thought best ^include it here since it did, in the laboratory, parasitise 
Pristomerus cocoolS; It was reared from Cydia pupae found in ‘‘bands,*’ 
and was not strictly from hibernating Cydia material, since only fhe pupal 
skin of the host remained, filled with full-grown larvae of the parasite. 
No diapause occurred, and cessation of development over winter was 
caused only by low temperature. In the “bands” hibernating adults were 
also found. 
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A number of experiments were conducted with this species, which are 
described below with similar experiments with Dibrachys cavus W'lk. 

Dibrachys cavus W^alk. (Clialcidae, Pteromalidae ) 

This common ^re^arious Chalcid has been recorded from a wide range 
of hosts. According to Rosenberg (6) “in the card index of the Farnham 
House Laboratory are records of its occurrence on: 11 species of Ichneu- 
monidae, 16 species of Braconidae . . . . , 2 species of Chalcididae, 3 species 
Tenth red in idae, 1 spc‘cies of Lepidoplera . 3 species of Coleoptera and 

1 species of Neuroptera.” He then mentions the fact that he bred it in 
the laboratory on pupae of Cydia pomonella L. 

In the present work, both Dibrachys cavus and D. affinis Masi were 
reared, the latter only as an endoparasite of Cydia pupae, although in the 
laboratory it was bred ecto-parasitically on the larvae of Prisiomtrus 
vulnerator, Panz. The former Chalcid was an endoparasite of Cydia pupae, 
an ecto-parasite of full-grown Cydia larvae in their cocoons, and an ecto¬ 
parasite of larvae, prepupae, and pup<?e of the Cydia parasites— Ascogaster 
quadrideutatus Wesm., Pristomerus vulverator Panz., Ephialtes caudatus 
Ratz., E. crassiseta Thoms., E. cydiae Perk, and Cryptus sexatmulatus 
Grav. 

In the cases where D. cavus is a secondary parasite the eggs are laid 
on or near the Hymenopterous larva, prepupa or pupa within the cocoons 
(of the Cydia larva or parasite according to the stage attacked), and the 
young larvae feed gregariously through the skin of the host. However, 
when primarily parasitic on Cydia, D. cavus exhibits two forms of parasitism: 
(1) it is found as an ectoparasite of fully-grown larvae within their cocoons, 
the larvae being paralysed before oviposition; and (2) as an endoparasite 
of the pupae—(also noted by Boyce (2) ). This peculiar behaviour was 
thought worthwhile investigating, and experiments were started in order 
to determine the host preferences (jf the ovipositing Dibrachys females, and 
also to ascertain whether there is anything of the nature of two biological 
races of the chalcid, one ecto- and the other endo-parasitic. 



Figure 5. Petri dish with alternating Cydia and Pristomerus cocoons used in the 
host selection experiment with Dibrachys, 

For host selection experiments different types of hosts were stuck with 
gum tragacanth alternately at regular intervals (as in Figure 5) on a piece 
of card, which was placed with Dibrachys adults in a petri dish and kept 
at 25® C., raisins and water being supplied for the adult parasites. 
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The hosts offered consisted of Cydia larvae and pupae, and cocoons of 
Pristomerus vulnerator containing larvae or pupae. All these were in the 
original Cydia cocoon, and this in turn was left in the small section of 
corrugated cardboard in which it had been spun. 

Dishes were prepared with Cydia larvae alternating with pupae; others 
with Cydia larvae and Pristomerus cocoons. Four of each type were 
prepared, and into each were introduced 5 female and 5 male freshly emerged 
Dibrachys cavus adults, reared from ecto-parasites of Cydia larvae. The 
hosts attacked, and those from which progeny emerged were recorded. 
These experiments were then repeated but using adults bred endo- 
parasitically from Cydia pupae; and finally again with Dibrachys a finis 
bred from Cydia pupae, and ecto-parasitically from Pristomerus larvae. 

Unfortunately, all the detailed results of these and the following 
experiments are not available, since as stated above, they were lost during 
the French collapse of June, 1940. However, the final results were quite 
definite. 

D, affinis attacked and parasitised Cydia pupae and Pristomerus 
cocoons even when the latter contained far advanced pupal stages. It 
never attacked Cydia larvae in their cocoons. On the other hand D. cavus, 
whether reared ecto- or endo-parasitically, attacked Cydia larvae and 
Pristomerus cocoons for preference, either being equally acceptable. If 
no other hosts were available the females parasitised Cydia pupae and the 
larvae developed endo-parasitically. 

The above experiments indicate that Z>. cavus is not composed of two 
biological races—one with a preference for Cydia larvae as hosts, and the 
other for Cydia pupae. However, it was thought worth while investigating 
whether some preference for Cydia pupae might develop if Dibrachys were 
bred continuously on this host for a number of generations. A strain of 
D. cavus was bred on pupae for several generations and further host selection 
tests made. No such modification of host preference w'as recorded, and 
there was no influence exerted by the larval environment on the choice of 
host by the ovipositing female, w^hich alw^ays show^ed a preference for 
Cydia larvae. 

Thus the larvae of D. cavus and Z>. affinis can develop as endo-parasites, 
eggs being laid within the tissues of Cydia pupae, and also as ecto-parasites, 
the larvae feeding, in the case of D, cavus, externally on fully grown Cydia 
larvae, and larvae and pupae of several species of parasites; and in the 
case of D. affinis on various stages of Pristomerus, When Pristomerus 
cocoons were used as hosts, Dibrachys larvae were able to deve)op, not only 
on far advanced pupae, but also on the resting adults, when the soft 
abdominal tissues were consumed, the hard sclerotised parts remaining. 

Imms (3) states “The factors that determine whether a species lives 
within or external tOjjJts host are evidently fundamental, since the endo- 
parasitic mode of life involves a complete change in methods of respira¬ 
tion.’* The behaviour of D, cavus and D, affinis in this repect show that 
this statement is not always true, and the small size and apneustic condition 
of the young Dibrachys larvae permit of this internal feeing without any 
special respiratory adaptation. When larger, the endo-parasitic larvae 
within the host pupa have, no doubt, by the destruction of part of the host 
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tissues, formed air spaces sufficient for their respiratory requirements. 
There seems to be no other difference between the endo*and ecto-parasitic 
habit that would affect the physiology of the parasite larva, and it would be 
interesting to see if this facultative change of method of larvae feeding is 
of common occurrence. 

Melittobia acasta Walk. (Chalcidae, Eulophidae ) 

The occurrence of this s^pecies from a Cydia pupa has already been 
recorded (Simmonds (7) ). Four males and 7 females of Melittobia and 
3 males and 13 females of Dibrachys affinis Masi emerged from a single 
Cydia pupa. It st^ems probable that the Cydia pupa was attacked first 
by the Dibrachys. Then, by the action of these endo-parasitic larvae in 
causing disruption of the host tissues and, consequently, air spaces, it was 
rendered suitable as a host for Melittobia, and was then attacked by this 
species. 

ARTIFICIAL REARING OF PARASITES 

It was thought possible that, once having obtained parasite eggs, it 
might be feasible to rear the larvae on artificial nutritive media. In 
eliminating the necessity for natural hosts, this would be of great use in 
large-scale breeding. 

Owing to the difficulties presented by rearing endo-parasitic larvae 
thus, due to the respiratory requirements of the larvae, it was decided to 
experiment with ecto-parasites. A number of eggs were a\’ailable from 
Cydia larvae superparasitised by Ephialtes sp., and Cry plus. Gelatine 
slopes were prepared (partly by Professor Urbain of Paris) of various 
compositions, and pieces of meat were also used. Parasite eggs placed on 
the media hatched normally, and the first stage larvae fed and grew. 
However, only in one case did moulting take place; the first stage larvae 
reached their normal maximum size and then died, as if some substance 
that promoted moulting was lacking from their diet. Dampened raw beef 
steak proved to be the most acceptable of the media tried, and it was on 
this that the one case of moulting occurred. It is hoped that further more 
extensive work on this problem will be done in the near future. 

BIOLOGICAL CONTROL 

In the South of France the percentage of parasitism of the various 
stages of Cydia was everywhere (except in the case of Arthinomyia tragica 
Mg.) higher than those recorded by Rosenberg. A consideration of the 
percentages of the pest that are destroyed by parasite species shows that 
the total destruction they caus^^ must be considerable. It is of interest to 
follow the codling moth through its annual cycle in the South of France, 
and try to estimate the efteiT of parasitism. It will be convenient to start 
with the eggs of the first summer generation which occur in the field alter 
the middle of May. No egg parasites of the Trichogramma type were 
found, since work was commenced too late in 1939 and was stopped in 1940 
before this could be adequately investigated. Sheets of waxed paper on 
which there were Cydia eggs were hung in apple trees in May, 1940, but no 
parasitism was observ^ed. However, doubtless a certain amount of parasit¬ 
ism does occur. 
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Dissections of young larvae showed a total parasitism (excluding 
larvae parasitised by Perilampus alone) of 37.5%, 33.1% were parasitised 
by Ascogaster, 6.4% by Pristomerns, there being an overlap of these two 
species in 2% of the hosts, which had been attacked by both species. 
Perilampus attacked 3.7% of the total larvae, or 6.0% of the parasitised 
larvae. 

Figures from the emergence records of this generation show 17.3% 
parasitism by Ascogaster, 4.1% by Pristomerus, 0.8% by Trichomma and 
9.5% by Perilampus. Trichomma appears to be comparatively un¬ 
important, and it is seen that Perilampus reduces considerably the number 
of emergents of Ascogaster. Since the material was removed from the 
field when the host larvae were young, it is possible that in the field the 
percentage parasitism by Pristomerus and Trichomma is greater than is 
indicated here. 

Thus of these first generation larv^ae between 30% and 40% are 
parasitised before they spin their cocoons, chiefly by Ascogaster, the 
efficiency of which as a controlling agent, is considerably reduced by 
Perilampus. 

Of these first generation larvae only about 50% emerge to giv^e the 
second generation of Cydia in the summer, the other 50% remain as hiber¬ 
nating larvae within their cocoons until the following spring. Both 
hibernating cocoons and those which are to produce the second generation 
adults are subject to parasitism by Ephialtes, Cryptus, and Dibrachys, 
which further reduces the numbers of Cydia by about 10% of the now 
unparasitised larvae (or about 6% of the total larvae). 

Thus, of the eggs laid by the spring emergents of Cydia about 50% go 
into hibernation (30 to 40% parasitised) until the following spring. The 
remaining 50% produce both parasites and hosts for a second generation, 
with a final result that under 20% of the original number of eggs laid 
produce adult Cydia in the summer generation; this does not, of course, 
take into consideration loss due to disease, predators, etc. 

This second generation emerges in July and August, and there is a 
partial third generation in Septemter, although the majority of the larv^ae 
from this second generation enter diapause and hibernate until the following 
spring. The eggs of this generation are again presumably parasitised by 
egg parasites; and figures from hibernating material show to what extent 
the larvae of this generation are parasitised. This shows that taking the 
collections as a whole 5.7% of the larvae were parasitised by ecto-parasites, 
and that of the remaining larvae about 32.7% were parasitised by endo- 
parasites (13.0% Ascogaster, 15.4% Pristomerus, 4.3% Perilampus). 
Trichomma, Meteorus, and Arrhinomyia only occurred in small numbers. 
Thus Ascogaster and Pristomerus are equally important as controlling 
agents, the efficietKjjlt of both being reduced by hyperparasitism by Peri¬ 
lampus. 

Of the ecto-parasitism of 5.7%, 2.8% was by Ephialtes, 1.4% by 
Cryptus, 0,4% by Dibrachys, and 1.1% stung but not parasitised. From 
Table 3 it is seen that out of 47 cocoons of Cryptus, 27 Cryptus and 20 
Hemiteles emerged, or that the numbers of Cryptus in the succeeding 
generation were reduced by 42.5% by the action of the secondary parasite. 
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As is seen from the emergence diagram (Figure 1) the ecto-parasites 
emerge in the spring some time before Cydia, and consequently further 
parasitism of hibernating material by the ecto-parasites occurs in the 
spring in addition to that recorded here—(and, incidentally, further 
secondary parasitism by Ilemiteles). 

To summarise; the first generation larvae in May are parasitised 
to the extent of 30% to 40%, together with 10% parasitism by ecto¬ 
parasites, and half of these go directly into diapause until the following 
spring, not emerging as moths in the 2nd generation. In the 2nd generation 
similar paravsitism occurs, and in the spring hibernating host material is 
again attacked by ecto-parasites. 

Thus it is seen that considerable parasitism occurs throughout the 
season. However, this parasitism was insufficient during the period of the 
investigation to prevent nearly all suitable fruit from being attacked. 

The hyiXfrparasite Perilampiis and the secondary parasite Ilemiteles 
are seen to cause considerable reduction in the numbers of emerging 
parasites, and it is possible that if not subjected to this restraint, the 
parasites might be able to exert greater control. Perilampus tristis Mayr. 
already occurs in Canada, as does Ascogaster, hence this part of the codling 
moth parasite complex is already established in that country. 

It was thought that Pristonicrus, EphialleSy and Cry pins should be 
introduced, together, if possible, with Trichomma, Arrhinomyia, and 
Meteorus, Dibrachys cavus already occurs in Canada and Dibrachys affinis 
Masi is of doubtful value in view of its tendency to become a secondary 
parasite. In the case of Cryptus it was hoped that if it could be established 
in Canada without the check of Ilemiteles it might become a successful 
agent in the control of the codling moth. 

When the international situation became mure difficult, a small 
shipment of Cryptus sexannulatus Grav. and Ephialtes caudatus Ratz. was 
made to Canada, and these species have been reared in the Dominion 
Parasite Laboratory, at Belleville, and liberations have been made in the 
Niagara peninsula in Ontario, although it is, as yet, too early to estimate 
their value as controlling agents. 


SUMMARY 

The species of parasites and predators attacking the ' arious stages of 
the codling moth, Cydia pomonella L., in tlie South of France have been 
reared and their biology investigated. 

Experiments were set up to determine whether fruit in any particular 
part of a tree was more liable to a Mck by Cydia than another, and whether 
at any part the degree of parasitism was higher. The influence of variety 
of fruit on parasitism and hibernation was also investigated. 

The host preferences of one of the parasites, Dibrachys cavus Walk, 
were tested, in view of the peculiar behaviour of this species which can be 
either ecto- or endo-parasitic, according to its host. 

The degree of biological control exerted is discussed, and recommen¬ 
dations made as to which species of parasites should be shipped to Canada 
to control the codling moth there. 
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THE EFFECT OF HEAT, INSULATION AND ARTIFICIAL LIGHT 
ON EGG PRODUCTION AND FEED CONSUMPTION 
OF PULLETS' 

H. S. GuTTERiDor;*, S. Bird*, II. 1. MacGregor’ and Jean M. Pratt’ 

Central Experimental Farm, Ottawa 
[Received for publication July 28, 1944] 

Increasing the physical comfort of laying birds under both extremes 
of environmental temperature has very often been the subject of investi¬ 
gation. Protection against extreme cold has naturally been a problem of 
greater economic importance, howev'er, and most controlled research has 
been in that direction. Artificial heat, insulation and the provision of 
adequate ventilation under varying conditions have been the principal 
subjects of experiment. The first large scale and most notable experiments 
on artificial heating and insulation were reported by Smith (7j. His 
principal conclusions which bear on the work here reported were that 
insulation had a beneficial effect upon winter egg production; vv'hereas the 
application of moderate heat was of doubtful value in this respect, and 
that humidity in the pen and winter egg production were not correlated. 
It is interesting also to note his finding that “closing a house up tightly all 
night during the winter period had no detrimental effect on winter egg 
production.” Bruckner (2) reported heating to 50° F. to have a stabilizing 
effect upon winter egg production and to produce a non-significant but 
consistent small increase therein. A temperature of 60° F. affected health, 
body vv'eight and egg size adversely and the use of temporary heat during 
cold sf)ells did not increase winter egg production significantly. Of 
particular interest to the work to be reported was the statement that 
“laying hens in heated houses require less feed to produce a pound of eggs 
than those in unheated houses.” No statement is made as to the amount 
of sav'ing brought about. Lee (4, 5) after two years work slates “the use 
of supplementary heat in an insulated laying house under the climatic 
conditions of C'entral New ^’ork State results in a lower annual egg pro¬ 
duction . . . .” While the great variability experienced between replicate 
pens indicates that the fact that heat actually reduced production may 
have been fortuitous, it is worthy of note that in spite of very low tempera¬ 
tures in the unheated pens the use of heat at least did not increase pro¬ 
duction. 

Conditions of temperature during the winter months are v’ery extreme 
in the area represented by this institution. Table 1 shown herewith, 
indicates the temperaturt at Ottawa to be much more rigorous than at 
Lincoln, Nebraska and Ithaca New York, referred to above. The last 
mentioned figures would also largely hold for the work done by Lee (loc. 
cit) at Cayuga, New York. Not only is sev ere cold experienced but changes 
in temperature amounting to 40 to 50° F. sometimes occur within a period 
of 48 hours. Ihider these circumstances the benefits of artificial heat and 
insulation should be evident if such exist. From the winter of 19v^2-vS3 
to that of 1942-43 a series of experiments was conducted dealing with the 
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Table 1.—A comparison in temperature during winter 1933-34 

AND OF LONG TIME AVERAGES 


Month 

Ottawa* 

Cornell 

Lincoln 

Mean 

temp. 

Normal 

mean 

Lowest 

Mean 

temp. 

Normal 

mean 

Lowest 

Mean 

temp. 

Normal 

mean 

Lowest 


°F. 

°F, 

‘‘F. 

®F. 

‘‘F. 

°F. 

®F. 

°F. 

°F. 

December 

5.1 

17.3 

-38 

27.4 

29.0 

-13 

32.8 

27.6 

-4 

January 

10.3 

11.7 

-34 

27.6 

24.3 

- 3 

31.6 

22.8 

1 

February 

-2.7 

12.7 

-37 

12.8 

24.5 

-24 

30.2 

26.1 

-9 

March 

19.9 

24.7 

-12 

32.2 

31.8 

5 

38.0 

37.5 

8 

Mean 

8.2 

16.6 

-38 

25.0 

27.4 

-24 

33.2 

28.5 

-9 


• Data by courtesy of the Division of Field Husbandry. Central Experimental Farm. 


effects of heat and insulation. In 1939-40 artificial light was also used in 
a controlled way. The present paper places the results of these tests on 
record. 

EXPERIMENTAL 

With the exception of the experiment of 1942-43, which will be 
separately described, all tests were carried out in a lO-pen continuous laying 
house, each pen measuring 16 X 16 feet. Since it is important to establish 
the degree to which the birds were protected from the outside elemeiKs in 
the least protected pens (control pens) the following description is given 
and applies to all pens except for the modifications of greater insulation or 
artificial heat which will be noted. 

Control pens (uninsulated): floor—concrete; ceiling—straw loft of 
1" X 3" boards, 1" apart under joists with 12" of unpacked straw in loft 
above; roof—2" X 4" rafters, sheathing, building paper and cedar 
shingles; rear wall—1" tongue and groove boarding with batons, building 
paper on 2" X 4" studs, with building paper and shiplap, making a 4" 
dead air space; front wall—| wood (single boarded) ^ glass and | cotton 
(screens), all three types of construction running the full length of the pen. 

Semi-insulated pens: same construction as above except: ceiling— 
insulation board under straw loft; rear wall—|"-V joint over insulation 
board built over shiplap of inner wall lining; front wall—1" boarding with 
batons, 2" X 4", sheathing and f"-V joint over insulation board on 
studding under windows; glass substitute (cel-o-glass) replaced cotton 
screens. 

Insulated pens: same as semi-insulated pens except: front wall—J 
glass and f wood (J"-V joint over f" insulation board—no cotton or cel-o- 
glass screens). 

Tightly boarded, insulated partitions separated uninsulated pens from 
semi-insulated these in turn from insulated pens. Replicate pens 
within the above were separated by reasonably tight temporary partitions. 

In terms of insulation as estimated from data published by Moore 
and Bell (6) and by Jones (3) the uninsulated pens had back and side walls 
of approximately 4.14 insulating value, whereas the semi-insulated and 
insulated pens had walls of 6.65 insulating value. The insulated pens, 
however, had the benefit of 6.65 insulating on the front wall over f of the 
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front area, whereas the semi-insulated had such insulation over only J of 
the front wall. The uninsulated pens had a | front wall area of insulating 
value of 1.53, the remainder being glass and cotton of very low insulating 
value. Ceiling insulation was identical for the insulated and semi-insulated 
pens (i" insulation board) but much lower for the uninsulated pens with 
straw loft. The hinged ventilating doors at each end of the house over the 
straw loft were kept closed throughout thus making a dead air-space of 
the loft. 

The nature of the heat supply will be dealt with under separate head¬ 
ings. Temperatures were taken in the middle of the pen, 6" above the 
floor. Night temperatures were taken at mid-level of the birds above 
the roosts and in amongst them, by recording thermographs except for the 
1932-33 and 1933-34 experiments when floor temperatures were used 
throughout. Humidity was taken by recording thermohygrographs or by 
sling psychrometer. All ventilation was by adjustment of windows or 
cotton screens hinged at the bottom with side baffles thus permitting entry 
of air only at the extreme top front of the house. Barred Plymouth Rock 
pullets balanced between pens according to date of hatch were used in 
all experiments. 

The principal criteria used to determine the comparative merits of 
treatments were egg production, body w'eight and gain or loss in the latter. 
By the use of Bird and Sinclair’s (i) partial regressions of these characters 
on total feed consumption the feed required for total maintenance .vas 
arrived at, and on the basis of requirements for resting metabolism by 
Diakow and basal metabolism by Brody as quoted by Bird (loc. cit) 
requirements for activity and work of digestion were allowed for, making 
feed requirement for basal metabolism, which is largely heat production, 
60% of total maintenance. This figure was considered to be the closest 
estimate w^hich could be made for feed required for heat loss from the body 
and is stated as feed for maintenance of body temperature. 

RESULTS 

The information gathered is shown for each year’s experiments 
separately. 

Experiment 1932-33 

This test covered a period from November 18 to June 12. It com¬ 
prised 3 pens heated with hot water pipes under droppirg boards, 1 pen 
semi-insulated and 1 pen uninsulated. Since at that time it w-as thought 
that a smaller floor area per pullet would be required under heated condi¬ 
tions the 3 heated pens consisted of 75 birds each, the other 2 pens each 
containing SO birds. Lowest temperatures experienced inside the pens for 
the different treatments were: heated 38'F., semi-insulated 27® F, and 
uninsulated 10° F. Lowest outside temperature was 25° F. below^ zero. 

Table 2 shows the essential data obtained. It is immediately evident 
that neither heat nor insulation had any effect upon egg production, the 
differences being small and within the range of error oi the test. It must 
be assumed therefore that equal opportunity for egg production exists at 
mean temperatures of 38.° F. or 51.2° F. Body weight gains also did 
not differ significantly. Feed required for maintenance of body heat did 
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Table 2.—The ei^Vect of heat and insulation on egg production 
AND feed consumption 


1932-33 

. . ... 

No. of 
birds 

Mean 

temp. 

Body wt. 
gain 

Feed 

consumption 

Feed for 
maintenance 
of body temp. 

production 



®F. 

gm./bird 

gm./bird/day 

gm./bird/day 

gm./bird/day 

Heated (3 pens) 

225 

51.2 

78.4 

106.5 

49.8 

29.3 

Senii-insulated 

50 

42.6 

86.5 

117.3 

54.6 

32.8 

Uninsulated 

50 

38.0 

90.6 

114.9 

53.8 

31.3 


not parallel pen temperature which is not surprising in view of the measure 
of error which is inherent in all estimates of this kind. However, the 
maximum increased requirement for maintenance of body heat in the 
coldest pen was 4.8 gm. per bird per day. Since it is the case that this 
saving could be made only for the winter months, or roughly 150 days, 
then the annual saving per bird per year would be approximately 1.6 lb. 
per bird. It will at once l)e appreciated that such a small saving would 
hardly justify installation of heating plant, fuel and labour costs in heating 
such a poultry house. Further the cost of the additional insulation of the 
semi-insulated pen was not justified by these data. In considering the 
above data it must be realized that the heavier population of the heated 
pens may have had an undeterminable effect upon the performance of 
these pens. It probably might be expected, however, to affect such factors 
as livability or cannibalism rather than egg production. 

Experiment 1933-34 

This experiment covered the period from November 15, 1933 to 
April 14, 1934, a period of 140 days. The experiment of the previous year 
was repeated but since temperature of the heated pens had fluctuated to a 
greater extent than was desirable, adjustments were made to the heating 
and ventilating equipment which resulted in a somewhat smaller range of 
temperature. It was found to be impossible, however, to keep it from 
slightly exceeding 60° F. when very sudden upward changes of outside 
temperature occurred. Lowest temperatures experienced inside the pens 
for the different treatments were: heated 40° F., semi-insulated 19° F., 
uninsulated 16° F. Lowest outside temperature was 38° F. below zero. 

Table 3.—^The effect of heat and insulation on egg production 
and feed consumption 


1933.34 

No. of 
birds 

Mean 

temp. 

Relative 

humidity 

Body wt. 
gain 

Feed 

consumption 

Feed for 
maintenance 
of body temp. 

Egg 

production 



•F. 

% 

gm./bird 

gm./bird/day 

gm./bird/day 

gm./bird/day 

Heated 

55 

50.6 

61 

245 

95.3 

44.1 

22.8 

Heated 

55 

49.9 

63 

248 

100.7 

46.7 

24.0 

Semi-insulated* 

55 

45.6 

86 

245 

103.4 

49.2 

22.6 

Semi-insulated 

55 

43.8 

85 

338 

106.3 

50.3 

23.1 

Uninsulated 

55 

42.1 

86 

283 

104.2 

50.3 

20.5 

Uninsulated 

55 

39.1 

87 

500 

113.5 

53.8 

24.2 


No ventilation. 
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Table 3 shows the results obtained. Approximately the same mean 
temperatures were experienced in the pens under the different treatments 
as was the case in the previous year's test. Relative humidity was recorded 
in this instance and showed the air to be relatively drier in the heated 
pens. Again no significant differences occurred in egg production. The 
feed required for maintenance of body temperature follow'ed the change in 
temperature in the different pens to a gratifying degree, indicating a 
reasonably accurate estimate of feed required for this purpose to have been 
obtained. The temperature in the warmest of the heated pens was 10.5° F*. 
higher than that of the coldest uninsulated pen, for a maximum saving in 
feed for maintenance of body temperature of 9.7 gm. or 3.2 lb. of feed per 
bird annually. No significant difference occurred between feed required 
for maintenance in the semi-insulated and uninsulated pens, and the 
greatest difference represents a saving of 1 .5 pounds of feed per bird per 
year. Relative humidity obviously had no effect on any of the ciiteria 
considered. 

The pen shown in Table 3 as semi insulated with no ventilation is of 
particular interest. In this pen the cotton screens, which when closed 
are the only source of change of air, were kept closed continuously through¬ 
out the test and were covered over with insulation board so that the only 
ventilation which the birds received was any change of air which took 
place through cracks around windows and partitions between pens which 
undoubtedly was very small. The result as shown by the table was a 
warmer pen than its duplicate by 1.8° F. with a higher relativ'e humidity 
by 1%. The condition of absolute humidity was much greater than is 
indicated by Table 3, however, since the walls and litter were continuously 
wet from condensed moisture and there was a heavy concentration of 
ammonia .in the air. Carbon dioxide, determined from samples taken 
with mine flasks under the roosts at night was 0.73^^ in this pen as com¬ 
pared to 0.28% in one of the heated pens. Under these conditions the 
performance of the birds was the equal of that of any other treatment and 
it would appear that birds can stand low temperatures with high humidity 
and relativxdy heavy conceit ration of ammonia and carbon dioxide over 
an extended period very well indeed. 

Experiment 1939-40 

This experiment covered the period November 22 to April 10 or 154 
days. In this instance fully insulated pens without heat w^ re used for the 
first time. Also since no benefit had accrued w hen heat at 50° F. had been 
used it was low^ered to 45° F. during the whole of this test. In addition, 
since the hot water system still permitted a fairly large range in temperature 
in the pens thus treated, theiinostatically controlled electric heating 
equipment was installed and this reduced the variability to ± 4° F. on 
the average. 

Lowest temperatures experienced inside the pens for the different 
treatments were: heated 40° F., insulated 28° F"., semi-insulated 26° F., 
uninsulated 26° F. Lowest outside temperature was 19° F. below" zero. 

Table 4 shows the data obtained. An outstanding feature of these 
data is the higher mean temperature in the semi-insulated and uninsulated 
pen than was the case in the completely insulated pen. An examination 
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Table 4.—The effect of heat and insulation on egg production. 


1939-40 

No. of 1 
birds 

Mean 

temp. 

Relative 

humidity 

Feed 

consumption 

Egg pro- 
duction to 
March 20 

Egg pro- 
duction to 
Sept. 4 



°F. 

% 

Km./bird/day 

no. 

no. 

Heated 

55 

45.3 

81 

129.7 

87.7 

195.7 

Insulated 

55 

37.1 

91 

132.8 

1 86.2 

193.3 

Semi-insulated 

55 

39.2 

88 

133.5 

1 93.4 

192.5 

Uninsulated 

55 

37.8 

88 

! 136.0 

i 89.0 

194.4 


of the charts from the thermographs showed the reason for this condition 
to be the consistently higher mid-day and afternoon temperatures in the 
semi-insulated and uninsulated pens on sunny days. Since the winter 
climate in this area is characterized by cold days with brilliant sunlight 
the cumulative effect of this sunlight shining through glass and glass 
substitute was to raise the mean temperature of these 2 pens to an appreci¬ 
able degree. Since the insulated pen had been more completely insulated 
by substituting insulated wall for one-half the window area, the effect of 
the sun was not nearly so pronounced in this pen. It is significant to note 
that in this instance the effect of additional glass area was sufficient to 
nullify the effects of thorough insulation. Had the cotton screens of the 
uninsulated pens been replaced by glass these pens would probably have 
been almost as warm as the semi-insulated pens. 

The egg production to March 20 or during the cold period of the year 
did not differ significantly for any group. At September 4, close to the 
end of the laying year, production was still almost identical for all groups. 
Sufficient data were not available to estimate feed required for maintenance 
in this case, but production Ixiing almost identical it may be assumed from 
the figures for total feed consumption that the amount used in offsetting 
the greatest difference in temperature of 8.2° F. was negligible. 

Experiment 1941-42 

This test covered a period from November 17, 1941 to March 22, 1942. 
All heating was again electrical and thermostatically controlled. Besides 
heating 2 groups to 54° F. and 59.9° F., respectively, 1 fully insulated 
group was heated at night only, by running resistance wire the full length 
of the under side of the roosts. It was reasoned that the warmth of sunlight 
and activity might bring about satisfactory conditions of temperature 
during the day and the relative inactivity of roosting might result in the 
need for some supplementary heat during the night. One other change 
in treatment was made, namely, that the ventilation of the semi-insulated 
pen was restricted in contrast to the situation in all other experiments in 
which (with one exception previously noted—1933-34) an attempt was 
made to have tlig^same amount of ventilation in all groups. In this pen 
the sliding ventilators in the glass substitute screens were kept with a 
minimum of opening during morning and late afternoon and opened 
relatively wide during the warmest hours of mid-day when the sun was 
shining thus permitting the escape of moist air and maintaining a litter 
condition similar to that of comparable pens. At night the slides were 
closed entirely. 





September, 1944] gltteridge kt al.—heated poultry houses 37 

Lowest temj)eratures experienced inside the pens for the different 
treatments were: heated 56° F., heated ST F., heated (night) 42° F., 
insulated 32° h., semi-insulated 35° F., uninsulated 22° F., uninsulated 
20° F. Lowest outside temperature was 21° F. below zero. 


TaHle 5. —The effect of heat and insulation on egg production 
AND feed INTAEE 


1941-42 

No of 
birds 

- 

Temi>erature 

Oay j Night j Mean 

body wt. 
Rain 

1 

,, , Feed for 

F ecd 

1 maintenance 
<.or:‘>unption , ,, , 

of bfxly temp. 

KgR 

produ< tion 



F. 

° F. 

«K. 

Rtn, bird 

Rrn. 'bird da> gni./bird, day Rrn. bird day 

Heated 

30 

57.6 

61.1 

i 59.9 

298 9 

125.1 ; 55.4 

37.9 

Heated (night only) 

30 

.S2.3 

59.9 

j 57.4 

255 1 

1 32.2 1 .59.3 

39.2 

Heated 

30 

51.0 

.55.5 

55.0 

2 33 6 

129.6 1 56.9 

41.2 

Insulated 

! 

42.9 

41.3 

1 43.« 

1X3.2 

142.1 ! 66.4 

37.3 

S<.'nii-insulated* 

.‘15 

49.9 

.50. 1 

! 50.2 

1 254.0 

126.x ; 58.0 

.35.9 

Uninsulated 

55 

42. f 

15.2 

1 413 

1 ^ 

119.8 69.6 

39.8 

Uniiv^ulated 

55 ! 

i 

! 42.0 ' 

i ; 

’ 43.4 

! 1 

i 2 30.9 

117.3 67.8 

.39.7 


• Kcbtricted ventilation. 


Table 5 shows the results obtained. The pen heated at night only 
was 5.3° F. colder during the day than the warmest of the heated pen.u 
Also, by restiction and control of ventilation the semi-insulated pen had a 
uniform day and night temperature approximately 7° F. higher than the 
insulated pen. This was accomplished without the excessive dampness 
characteristic of non-ventilated pens by judicious adjustment of ventilation 
during the warmest portion of the day. The greater window space of this 
pen again contributed to the higher temperature achie\ed and nullified 
the effect of complete insulation, nifferences in egg production are not 
significant and production was quite good for the completely uninsulated 
pens. The greatest difference in feed required for maintenance was 14.2 
grains per bird per day for a lemperature diffen nee of 15.6° F. On this 
basis the application of heat saved 4.7 lb. of feed per bird annually. 

Experiment 1942-43 

Since by far the most difficult matter to determine experimentally is 
the saving in feed accomplished through the application of In ^t to the pens, 
an experiment was planned for the sole purpost' of measuring this factor. 
Since it was desirable to have as wide a range in temperature as possible, 
small, poorly insulated pens were used so that a very low temperature 
would be the result in the unhea; 'd pen. Flectric heat was impossible 
under these conditions and a brooder stove was U'^ed in the heated j)ens. 
Colony houses 10' X 12' were used which had double boarded walls with 
building paper on studding forming a 4"-dead air space for back and side 
walls. The fronts were J wood, J glass and J cotton and the ceiling was 
4-inch thick straw loft between the 2" X 4" rafters ot a shed roof. A 
small number of very late hatched birds was used so that the egg production 
was not of use as a direct measure of comparison. The feed required for 
this purpose could of course be estimated satisfactorily. The test covered 
a period from December 11, 1942 to March 29, 1943, a period of 109 days. 
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Lowest temperatures experienced inside the pens for the different 
treatments were: heated 28® F., heated 20® F., unheated 4® F. below zero. 
Lowest outside temperature was 36® F. below zero. 

Table 6.—Effect of heat on requirement of feed for maintenance of 

BODY TEMFERATUTE. 


1942-43 

No. of birds 

Mean 

temperature 

Feed 

consumption 

Feed for 
maintenance of 
body temperature 



°F. 

gm./bird/day 

gm./bird/day 

Heated 

27 

52.3 

89.69 

45.6 

Heated 

48 

47.8 

96.00 

48.2 

Unheated 

28 

32.0 

97.12 

51.5 


Table 6 shows the information obtained. It was found to be difficult 
to maintain the range of temperature which was intended between heated 
houses hence the results of 2 houses which had the same mean temperature 
were combined. Under unusually cold winter conditions, a temperature 
range of 20.3® F. was experienced with the mean temperature for the whole 
period being as low as 32® F. in the unheated pen. Great care was taken 
to have accurate figures on production, body weight and feed consumption. 
It was found that a saving of 5.9 gm. of feed per bird per day or 1.9 lb. 
of feed per bird per year was made. It was noted that the birds of the 
cold pen quite obviously attempted to adjust themselves to their environ¬ 
ment, This consisted in a lowering of activity through standing in groups 
with the feathers ruffled, thus decreasing feed requirement to support 
activity, conserving heat by crowding together and increasing the insulating 
value of the feathers against heat loss from the body by entrapping more 
air amongst the feathers. It is suggested that these two factors ‘begin to 
operate when temperatures go below a certain undetermined minimum 
thus making the environment more suitable to the bird. This factor makes 
the data for feed requirement for maintenance from this test not strictly 
comparable with that of those previously reported since these reactions 
were rarely noticed in previous experiments. The cost of fuel to bring 
about a temperature of 52.3® F. under these severe conditions was out of 
all proportion to practicability. 

Artificial Illumination 1939-40^ 

A test involving a very large number of birds with 4 replications for 
each treatment was carried out to determine the effect of artificial light 
upon egg production. The lighted period was from October 5, 1939 to 
April 2, 1940, or 180 days. Morning lights were used and were turned on 
and off auUlknatically to give sufficient artificial light to counteract the 
increasing and then decreasing hours of darkness before and after December 
21, respectively, giving a reasonably constant light day of approximately 
13 hours. 

Table 7 shows the pertinent data, indicating a consistent effect of 
lights both in the case of replicate groups and the overall mean values. 

< Prefect planned and carried out by Dr. S. S. Munro of this Division. 
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Table 7.—Effect of light on egg production 


1939-40 

No. of 
birds 

Feed 

consumption 

Egg pro¬ 
duction to 
Mar. 20 

Egg pro- 1 
duction to 
May 6 

Egg pro- 1 
auction to 

1 Aug. 7 

Egg pro¬ 
duction to 
Sept. 4 



em./bird/day 

No. 

No. 

No. 

No. 

Lighted 







Pen 1 

55 

132.7 

78.0 

110.7 

179.8 

190.5 

3 

55 

137.5 

86.1 

124.1 

177.3 

197.2 

5 

55 

140.6 

78.6 

124.3 

169.0 

192.5 

7 

55 

151.6 

81.9 

116.8 

172.2 

194.5 

Unlighted 







Pen 2 

55 

126.7 

74.4 

118.2 

171.0 

195.7 

4 

55 

128.1 

63 3 

110.2 

167.8 

193.3 

6 

55 

126.4 

57.8 

99.0 

160.8 

178.0 

8 

55 

120.2 

57.2 

103.0 

163.3 

181.8 

Lighted 

220 

140.6 

81.1 

119.0 

174.6 

193.6 

Unlighted 

220 

125.4 

63.2 

107.6 

165.7 

187.2 

Unlighted less than 







lighted % 



22.1 

i 

5.1 

3.3 


At March 20 which is the end of the calendar period most closely approxi¬ 
mating the date of discontinuance of illumination, a significant difference 
in egg production had been brought about through the use of lights repre¬ 
senting 17.9 eggs per bird or 22.1%. Between this point and May 6 a 
sharp decrease in rate of production for the lighted group reduced the 
difference to 11.4 eggs per bird and to August 7 and September 4 to 8.9 
and 6.4 eggs per bird, respectively. This is in line with the findings of 
many other investigators. 


DISCUSSION 

Most of the evidence presented in this paper relates to the application 
of artificial heat and the provision of insulation for the purpose of improving 
the physical comfort of laying birds. To be valid, an estimate of the effect 
of these factors should be made under conditions of severe cold which is 
provided in this instance by the climatic environment of the area in which 
this institution is situated (see Taide 1). This, as may be judged by the 
meteorological data, is more severe than that of most areas in which poultry 
are kept on a commercial scale on this continent. Impro\ :ng the physical 
comfort of the bird above a reasonable minimum is of little import unless 
the economy of its output is raised thereby. In this instance the instal¬ 
lation of heating equipment, the fuel required for its operation as well as 
the cost of providing sufficient insulation to the building to make the 
operation of a heating unit reasonably economical or the raising of the 
temperature of the laying pen by insulation alone, must be considered. 
The saving of feed and litter are also matters for consideration. 

The data presented herein show quite conclusively that the output 
of the bird is not improved by the application of heat or the provision of 
additional insulation. Experiments covering four years have consistently 
shown as high egg production in uninsulated, unheated pens as under con¬ 
ditions of heat or insulation. Mean temperatures in the pen during the 
winter months of 37.8® F., 39.1° F. and 42° F. gave as high egg production 
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as did those of 45.3® F., 50.6® F. or 59.9® F. Body weight gain also was 
not affected by temperatures within this range, variations which did occur 
being obviously unrelated to environmental temperature and caused by 
other factors. 

Increase in environmental temperature must however, be reflected in a 
lowered heat loss from the body which means either a saving in actual feed 
consumption or the sparing of body supplies of fat which otherwise might 
be burned up in the process of maintaining body heat. An estimate of 
feed required to maintain body temperature was therefore made to deter¬ 
mine the approximate saving in feed induced by higher environmental 
temperatures when production of eggs and gain in body weight were held 
constant. In 4 separate experiments in different years a saving of feed 
was accomplished during the winter months of 1.6 lb., 1.9 lb., 3.2 lb., and 
4.7 lb. per bird under vaiying degrees of temperature difference. There is 
no substantial lack of agreement between these figures in so far as feed 
requirement and temperature range is concerned excej)ting in the case of 
the 1941-42 data where the requirement of feed for maintenance of body 
heat is very large in relation to the severity of the lowering of temperature. 
Since allotment of the feed consumed to that required for weight gain and 
egg production and its deduction from the total feed was carried out in an 
identical way to that of the other experiments, the total feed consumption, 
if anything, is at fault. \’ery careful checking indicates these figures to 
have been correct and it is difficult therefore to explain the larger feed 
requirement per degree of temperature decrease in this instance. Greater 
reliance can be placed, however, upon the 1942-43 figures, hence it is as¬ 
sumed that the figure for that year is probably a better estimate of the 
true situation. To be conservative the mean value for the four years of 
2.85 Ib. per bird for maintenance of body temperature is considered to be 
the best estimate of the saving possible under the temperature ranges 
quoted above, and a very small saving indeed was involved in the applica¬ 
tion of heat or insulation. Admittedly, a considerable saving in litter 
and labour of changing litter In the heated pens is involved. This saving 
is at least counteracted by the costs of installation of heating equipment 
and fuel consumed. Application of the results of these findings must be 
conditioned by the important fact that a temperature range at the level of 
the birds of from 37.8° F. to 59.9® F. was the ca.se in these tests. Much 
lower temperatures might have a different effect but the observation that 
no greater saving of feed was accomplished at a mean temperature of 32® F. 
and of the behaviour of the birds in adapting themselves to this temperature 
by ruffling of the feathers to increase their insulating power and in other 
ways would suggest that the above findings would hold for a much lower 
temperature range. In further support of this contention, at the Experi¬ 
mental Station, Kapuskasing, Ontario, under very severe weather condi¬ 
tions in a preliminary test using 2 pens of 50 birds, heated and 2 pens 
unheated, egg production was 72.3 eggs per bird for the heated groups and 
69.8 eggs for the unheated from November 1 to April 1, a negligible differ¬ 
ence. The mean outside temperatures for each of the 6 months were 
22.2® F., 7.2® F., ~1.S®F., 2.5® F., 13.6® F. and 31.1® F. Our records 
show a series of 30 consecutive days at Kapuskasing only 2 of which were 
above zero and going as low as 43® F. below zero. Inside pen tempera- 
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tures in the test under consideration averaged 14° F. lower than was 
usually the case in Ottawa experiments. On September 4 the production 
of these groups was 185.2 and 190.6 eggs per bird respectively. Under 
the meteorological conditions in the Ottawa area a house constructed 
similarly to the uninsulated pens of these tests may be expected to give as 
high egg production as heated or well insulated pens at only a very slightly 
greater increase in feed consumption. This construction is as follows: 
boarding of rear and side walls inside and outside of the studs with paper 
between boards and the studding making a 4-inch air space, with \ wood, 
§ cotton and J glass front construction, and straw loft ceiling. 

Attention is drawn to the fact that by judicious adjustment of the 
ventilation, that is, no ventilation at night and increased ventilation during 
the warmest part of the day to change air and remove moisture, an increase 
in mean temperature of 7° F. was accomplished which gave the pen thus 
treated the equivalent of heat at 50° F. 

The effect of artificial illumination is also briefly recorded showing a 
definitely increased egg production for the lighted pens during the winter 
months but an almost identical production at the end of the laying year. 


SUMMARY 

Four separate (‘xperiments carried out in different years between 
1932-33 and 1941-42 contrasting artificial heat, two different degrees of 
insulation, and uninsulated pens are re|)orted as well as a test to determine 
the saving of feed accomplished by artificial heat under an extreme range 
of temperature conditions. A 1-year test of the effect of artificial illumina¬ 
tion is also recorded. 

From the consideration of the data obtained the following conclusions 
seem justified:— 

1. Increasing the environmental temperature of laying pullets by the 
use of artificial heat and insulation over a range of 37.8° F. to 59.9° F. 
had no effect upon egg production. Even when temperature was thermo¬ 
statically controlled to a range of ± 4° F. in the heated pen no improve¬ 
ment in production was obtained. 

2. The maximum saving in feed accomplished through the decreased 
requirement of feed for the maintenance of body temper, aire under heated 
conditions was 4 7 llx per bird annually with a mean saving of 2.85 lb. 
The mean inside pen temperature range in these tests was from 32° F. to 
59.9° F. 

3. Restriction of ventilatka: to a minimum, all ventilators being com¬ 
pletely closed with a resulting temperature of 45.6° F. and very high 
humidity and carbon dioxide content of the air had no detrimental effect 
upon egg production. 

4. The reduction of window area in an attempt to siipply more insula¬ 
tion is not justified under conditions similar to those in this test since the 
effect of reducing window space by one-half, because of exclusion of sun¬ 
shine, nullified the effect of complete insulation and gave equal or higher 
mean temperatures in the uninsulated pens. 
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5. The use of artificial illumination significantly increased egg pro¬ 
duction during the winter months but resulted in approximately the same 
annual production. 

It is concluded that laying pullets will produce well under a very wide 
range of temperatures and conditions of humidity, and that neither artificial 
heat nor insulation, as herein defined, would be justified under temperature 
conditions similar to or less severe than those experienced in this area. 
These conclusions have been arrived at under conditions of severe cold 
and therefore constitute a severe test of the housing conditions investigated. 
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As a sequel to reports on previous study in this laboratory on the 
digestibility of feeds by swine this paper presents further work on the 
investigation started in 1941^ 

Concurrently with the determination of digestibility coefficients of 
the proximate principles of the standard feeding stuffs analysis, studies 
were continued on the proposed system of feeding stuffs analysis as reported 
by Crampton and Whiting (1). 

EXPERIMENTAL 

The animals chosen for the test were 4 closely related Yorkshire 
barrows. They commenced trial periods at weights of 50, 100, 150, and 
200 pounds. 

Table 1 shows the allotment of the pigs by weights, feeds, and trial 
periods. The digestion crates have been described previously (2). 


Table 1.—Plan of digestion trials, showing numbers and .allotment of anim.als 

TO FEEDS IN E.\CH PERIOD 


Rations 

Period 1 

50 lb. pig 

Period 2 

100 lb. pig 

1 Period 3 
; 150 lb. pig 

Period 4 
: 200 lb. pig 

No. 2 Yellow Corn 

78 

79 i 

47 

1 

1 

i 61 

No. 2 N. Wheat 

70 

47 

61 

78 

Degermed Shorts 

47 

61 

78 

79 

Standard Shorts 

61 

78 

79 

47 


The swine feeds tested during 1943 were yellow corn, wheat, and two 
kinds of wheat shorts; one sample containing the germ while the other 
had had most of the germ removed in the process of prepa: uion of “Canada 
Approved’* flour. Though not now differentiated from standard shorts it 
seemed probable that degerming might sufficiently alter the feeding value 
of the latter product that some distinction would be necessary between 
the two types of shorts as livesto'k feeds. 

In addition to the digestion period schedule, as planned, an extra 
test was introduced between periods 2 and 3 in which all animals were 
fed degermed shorts. 

‘ Contribution from the Faculty of Agrjcultuic. McGill University. Macdcnald College, Quc.. Canada. 
Journal Series No. 191. 

• Professor of Animal Nutrition. 

• Graduate Assistant, Department of Nutrition. 

< These studies were n)ade possible through the financial assistance of the Quebec l>partment of Agri 
culture. 
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It was necessary to obtain a new sample of corn for periods 3 and 4 
because of a rancid condition that developed in the original mixed ration. 

A protein-mineral supplement consisting of 25 parts meat meal, 
40 parts linseed oil meal, 15 parts fish meal, 10 parts bone char, 5 parts 
ground limestone and 5 parts salt was fed with all the basal feeds in all 
tests at the rate of 15% of the total ration (see Table 2 for analysis). 
In addition, cod liver oil was fed daily during the first two periods. 

Feeding was done three times daily to pigs under ISO lbs., i.e., during 
periods 1 and 2 , and twice daily to heavier pigs. Between trials the animals 
were removed to the farm piggery where they were maintained on a ration 
of equal parts of wheat and barley, supplemented as in the experimental 
diets. 

A preliminary period of 5 days preceded each 10-day collection period 
in order to clear the digestive tract of previous dietary residues and adjust 
the feed consumption of the animals to full and constant feed intakes 
before the excretia collections commenced. 

Faeces collections were made once daily at approximately 9.00 o’clock 
in the morning. Representative aliquots were taken for chemical analysis. 

Urine was collected twice daily at 9.00 a.m. and 5.00 p.m. One one- 
hundredth ( 1 / 100 ) aliquots were preserved under toluene in H 2 SO 4 and 
acetic acid during each trial. Nitrogen determinations were made by the 
Kjeldahl method. 

The percentage composition of the basal feeds and supplement are 
presented in Table 2 . 


Table 2.—Chemical composition of basal feeds and supplement 


Feed fraction 

No. 2 Yellow corn 

1 

No. 2 
Canadian 
northern 
wheat 

Degermcd shorts 

Standard 

shorts 

Supple- 

mixturc 

Sample 

1 

1 

Sample 

2 

Sample 

1 

Sample 

2 

Water 

9.0 

9.0 

11.0 

10.0 

9.0 

10.0 

8.5 

Protein (N X 6.25) 

8.9 

9.0 

16.4 

20.0 

19.2 

17.8 

34.8 

Soluble protein* 

6.2 

7.0 

14.6 

16.7 

17.7 

15.3 

30.3 

Insoluble protein* 

2.7 

2.0 

1.8 

3.3 

1.5 

2.5 

4.5 

Ether extract 

1.9 

2.8 

1.5 

4.4 

4.2 

3.9 

5.0 

Total ash 

1.6 

1.4 

1.4 

4.3 

5.2 

, 4.1 

25.5 

Carbohydrates 








Crude fibre 

2.7 

2.1 

2.4 

8.6 

9.8 

10.4 

6.6 

Nitrogen-free extract 

75.9 

75.7 

67.3 

52.7 

52.6 

53.8 

19.6 

Carbohydrates* 

2.1 

1.9 

1 2.0 

6.9 

8.2 

7.0 

4.6 

Soluble carbohydrates 

75.8 

75.0 

1 66.2 

50.3 

47.2 

50.9 

17.8 

Lignin (by difference) 

0.7 

0.9 

1.5 

4.1 

7.0 

6.3 

3.8 

Lignin** 4- Insol. protein 

3.9 

3.3 

3.9 

8.4 

9.6 

9.9 

9.3 


• From scheme of feeding stuffs analysis by Crampton and Whiting. (See Appendix). 
** Lignin determined directly and added to Insoluble Protein. 



September, 1944) 


CRAMPTON AND BELL—BACON HOG FEEDS 


4S 


DIGESTIBILITY OF FEED CONSTITUENTS 

The ‘'by-difference” method of calculating the digestibility coefficients 
was employed for the basal feeds studied, using the formula: 

^_ mR - [F - R{n) fl .00 - Cy)] X 100 

mR 

= percentage of nutrient contributed by basal diet. 

= percentage of nutrient contributed by supplement mixture. 
= weight of total ration or ration constituent consumed. 

= weight of total faeces or faeces constituent produced. 

= the digestibility coefficient of the constituent in the supple¬ 
ment mixture. 

Digestibility coefficients obtained on the four basal feeds are presented 
in Table 3 along with some comparable coefficients obtained with ruminants 
by other investigators. No significant differences were noted between 
the two corn samples so the average coefficients are reported in the table. 
All calculations were made on the regular iO-day time collections. 


where m 
n 
R 
F 
Cy 


Table 3.—Coefficients of digestibility, total digestible nutrients and digestible 

CRUDE PROTEi.> OF FEEDS LISTED 



No. 2 
Yellow 

corn 

No. 2 
Canadian 
northcin 
wheat 

Dcgermed 

shorts 

Standard 

shorts 

Sui)plement 

mixture 

Degermcd 

shorts 

(Sample 

2)* 

Dry Matter 

90 

88 

67 

68 

43 

63 

Organic Matter 

88 

85 

65 

67 

50 

63 

Protein (X X t>.25) 

88 (7f.) 

89 (86) 

79 

81 <85) 


81 

Soluble Protein 

89 

92 

SO 

88 

82 

87 

Insoluble Protein 

87 

66 

46 

38 

0 

74 

Ether Extract 

38 (91) 

32 (S3) 

50 

47 (S5^ 

ItX) 

41 

Carbohydratest 

Crude Fibre 

37 (57) 

-1 (90) 

1 ' 

; 26 (60) 

! 37 


Nitrogen-Free-Extract 

94 (94) 

94 (95) 

76 ' 

1 

; “7 (85) i 

1 

1 0 

1 

73 

Carbohydratest 

Cellulose 

24 

-6 

1 

i 

15 1 

1 

15 

i 


Soluble Carbohydrates 

‘^7 

95 

78 1 

79 

s 

75 

Lignin (by difference) 

~94 

1 

1 

19 

47 


44 

Lignin -f- Insol. Protein 

42 

i 

31 

46 


35 

Digestible Crude Protein 

8 (7) 

IS (11) 

16 

15 (15) 

25 

16 

Total Digestible Nutrientsf 

j 

83 (81) ! 

7V (84) 

62 

63 (76) 

32 

59 

Total Digestible Nutrientst 

83 

78 

62 

60 

33 

56 


• Shorts fed during sepiirate trial between Peiiods 2 and 3. 
t By Proximate principles scheme of leedstiiffs anaKsis. 
t Method proposed by Crampton and Whiting. (See .Appendix.) 

Figures in parentheses are digestion coctTicients oblainetl trom tests with ruminants on similar feeds. 
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In Table 3 are included determinations by the Crampton and Whiting 
procedure for feeding stuffs analysis. Carbohydrates were divided into 
cellulose, soluble carbohydrates and a lignin-by-difference fraction for 
comparison with the crude fibre and nitrogen-free-extract division. Coeffi¬ 
cients are also presented for a fraction representing the lignin (direct) 
plus the “insoluble protein” (i.e. insoluble after refluxing for 3 hours in 
1 % HCl. See appendix.) 


DISCUSSION 

The digestibility of dry matter was significantly higher in the case of 
wheat and corn than in shorts. It is probable that the laxative properties 
of the shorts were an influential factor in depressing the apparent digest¬ 
ibility of their dry matter. 

The ether extract, a fraction which showed rather variable results, 
was slightly better digested in shorts than in corn or wheat. 

Crude fibre digestibility coefficients in all cases were very low. The 
coefficients were higher in standard than degermed shorts. There is no 
theoretical reason for this, which leads to the conclusion that crude fibre 
isolated in the one case differs from that obtained in the other as later 
mentioned. In contradistinction to this is the case of cellulose where 
the digestibility of this fraction is the same for each type of shorts. The 
erratic values of whole wheat are explainable on the basis of low crude 
fibre in the basal feed itself and the errors inherent in the “difference” 
method of calculation. The crude fibre of corn was better digested than 
that of wheat as shown by both wheat and shorts. 

The digestibility of nitrogen-free-extract in corn and wheat was about 
equal, both the coefficients in the entire grains being considerably higher 
than in the shorts samples. 

Coefficients for soluble carbohydrates parallel those obtained for 
nitrogen-free-extract as could be expected because of the similarity between 
these fractions in concentrate feeds. Soluble carbohydrates probably tend 
to be better digested because the proposed scheme of analysis relegates 
some of the formerly indigestible nitrogen-free-extract fraction to the less 
digestible fraction called lignin-by-difference. Consequently the remaining 
nutrients of the nitrogen-free-extract, the soluble carbohydrates, constitute 
the more highly digestible and probably more useful fraction. 

“Lignin” gave, very low and irregular results with corn and wheat 
where the percentage lignin in the basal feeds was small and hence subject 
to greater error in determination. The coefficients for shorts were however 
consistently higher than in the case of the whole grains. 

Another fraction, lignin plus “insoluble protein”, (see appendix) which 
was not includejUn either of the schemes of feeding stuffs analysis, showed 
digestibility co^cients of a more consistent nature than the lignin-by- 
difference fraction. No negative values for this fraction were obtained 
for any* of the feeds studied. 

The crude protein in corn and wheat appears to be better digested by 
swine than the prdtein in shorts. This is most likely due to the effects of 
the lower fibre content of the grains. 
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Data relative to the usefulness of protein in these feeds are presented 
in Table 4. 


Table 4.—Nitrogen digested, retained and excreted by pigs 


Ration 

Percentage 
of tota> 
nitrogen 
digested 

Percentage 
of digested 
nitrogen 
retained in 
the body 

Percentage 
of total 
intake 
excreted 
in urine 


/o 

% 

% 

No. 2 Yellow corn -f supplement 

81 

33 

56 

No. 2 N. wheat supplement 

84 

31 

60 

Degermed shorts (1) + supplement 

78 

37 

53 

Degermed shorts (2) -f supplement 

78 

35 

51 

Standard shorts -f supplement 

7‘^ 

39 

51 


There may be a tendency for retention of a greater proportion of the 
digested nitrogen in shorts than is the case with corn or wheat. These 
differences between feeds in nitrogen utilization, however, are of little 
significance partly because the supplement was the main source of protein 
in all rations and partly because the availability of the dietary protein was 
undoubtedly affected by the relative laxative properties of the diets. 

The division of crude protein into soluble and insoluble protein gave 
greater differences in digestibility between the two fractions where the total 
protein in the feedingstuff was higher. In corn where nearly one-third of 
the total protein was insoluble the digestibility of the insoluble was approxi¬ 
mately the same as the soluble portion. In wheat (and the wheal products), 
in which the total protein was approximately double that of corn, the in¬ 
soluble fraction represented one-seventh to one-ninth of the total protein 
and had correspondingly lower digestibility coefficients. Although the 
variability between animals (or periods) was considerably greater than 
that shown for dry matter digestibility coefficients it is reasonable to suppose 
that the soluble protein represents a fraction least affected by physical or 
chemical combination in the feed and hence more readily a\'ailable to the 
animal organism. Conversely it ma> be expected that the insoluble fraction 
would give variable results depending on laxation, feed preparation, and 
amount of total protein. 

In connection with Table 3 it is interesting to notice that the separation 
of carbohydrates into cellulose, soluble carbohydrates, and lignin, by the 
method of Crampton and Whiting has caused no significant change in the 
calculated total digestible nutrients. Close agreement exists in all the 
total digestible nutrient figures obtained’by either method in spite of the 
highly variable lignin fraction in the new scheme. 

CHEMICAL DESCRIPTION AS AN INDEX OF FEEDING VALUE 

Although no appreciable differences in the digestibility or nutritive 
value of the standard and degermed shorts appears evident from the chem¬ 
ical composition and digestibility data so far presented it seems worthwhile 
to comment on the growth of the animals while on test. Table 5 shows 
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the average daily gains made by the animals on each of the four rations 
over the four trial periods. Thus each gain indicated represents all 4 pigs. 

Table 5.—Average daily gains of animals while on test 


• 

Average daily 
gain over 
four 15-day 
periods* 

Total dig. 

nutrients** 

Ration 

Percentage 
in ration 

Lb. eaten 
daily 


lb. 



No. 2 Yellow corn + supplement 

1.18 ' 

83.3 

3.31 

No. 2 N. wheat -f supplement 

1.22 

78.8 

3.07 

Degermed shorts -f- supplement 

0.64 

62.2 

2.48 

Standard shorts -f- supplement 

1.14 

62.5 

2.41 


• Includes the preliminary period of 5 days. 
•• On same moisture basis as in Table 2. 


Since the response of the animals must remain the critical test of the 
true value of any feed this table of gains appears to indicate a deficiency 
in degermed shorts that was not made apparent by the chemical analysis. 
The fact that standard shorts gave nearly twice the daily gains of the 
degermed product is an important distinction between the two shorts 
samples. These data seem to bear out statements made previously that 
there is a tendency for wheat germ to stimulate, or facilitate, synthesis 
and deposition of body fat from dietary carbohydrate (3). 

The failure of the crude fibre fraction to represent a biological or a 
chemical entity is clearly indicated in Table 2. The division of the crude 
fibre, in the case of standard shorts, into cellulose, lignin, and perhaps some 
carbohydrates, w'as different than in the case of the degermed shorts. 
The crude fibre digestibility coefficients were different; 16.9% for degermed 
shorts and 26.1% for standard shorts, whereas the cellulose coefficients 
were the same (14.5% and 14.7% respectively) showing that the crude 
fibre contained some highly variable constituents. The lignin digestibility 
coefficient for standard shorts was correspondingly higher than for degermed 
shorts thus compensating for the proportionately larger difference between 
crude fibre and cellulose coefficients. 

The fraction called total digestible nutrients, which is determined from 
chemical composition modified by the digestibility coefficients gives un¬ 
doubtedly valuable information in relation to any feedingstuff, but it gave a 
false estimation of the relative feeding values of the rations studied here. 
Standard shorts allowed gains almost equal to those of corn yet there was 
a difference ofi4P percentage units in the total digestible nutrients values. 
Similarly the total digestible nutrient values of the two types of shorts 
offer no clue to the difference in animal response when it is known that the 
dry matter consumption was approximately equal for all feeds in each 
period. 

These observations and criticisms of present feeding stuffs analyses 
seem to demand more informative methods of feed evaluation. 
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CONCLUSIONS 

1. The digestibility of the chief energy yielding constituents of wheat 
and corn, namely protein, ether extract, and soluble carbohydrates are 
remarkably similar between the two feeds, as shown by swine digestibility 
trials. 

2. Although the content and digestibility coefficients of the organic 
fractions of standard and of degermed shorts were quite similar, the grow^th 
rate of the animals while on test indicated superiority of the “standard” 
shorts. 

3. Feed fractions constituting a small proportion of the ration are 
subject to proportionately^ greater error in digestibility trials than are the 
major fractions as indicated by negative digestibility’ coefficients for lignin- 
by-difference in corn and for crude fibre and cellulose in wheat. 

4. The digestibility' coefficients for tl.e various feed fractions are suffi¬ 
ciently different from those determined with ruminants to w’arrant separate 
investigations wdth swine. 


ri:ferences 

1. Crami’TON, E. \V., and F. Whiting. A propo>ed schtMiie of ferdingsluffs analv«is. 

J. All. Sci. 2: 4. 1942. 

2. Cr.\MPTON, K. W. and F. WiiiriNG. 'I'hc digestibility of typical Eastern Canadian 

feeds bv market bacon lioi;s. Sci. At^ric. 2.E 9. 194.E 

3. Crampton, E. W. and (E C. .Amiton. I Ir* l*^f^cl'^ of whi at j^tTm and corn on the 

feeding value of cereal giains for hog>^. Sci. Agric.. 24: 2. 1943. 

APPENDIX 

Dkscriptiox of Feeds 

No. 2 Yelknv C'orn. The s(‘Cond grade of Ikaslern C'anadian grown y ellow 
corn. It was free of weed seeds and damaged kernels. The required 
quantity was ground to medium fineness and mixed with protein mineral 
supplement prior to tirsi and third periods A second lot was mixed 
for periods 3 and 4 owing to the rancitliiy* t^f the first lot. 

No. 2 Northern Wheat. The third grade of Canadian Hard Red Spring 
wheat. Practically’ free of weed seeds. Ground and mixed prior to 
the commencement of the test. 

Standard Shorts. Consists of fine particles of bran, genn, and a small 
percentage of low grade flonr as separated in the ordinary’ process of 
flour milling. 

Degermed Shorts. Two separate samples were obtained; one used through¬ 
out the test and the other uscvl in die supplementary period. This 
product w’as similar to the standard shorts used except that it was a 
by-product of the C'anada Approved llour hence was lower in wheat 
germ content. 
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Figure 1 —Diagrammatic Outline op Crampton and Whiting Scheme of 
Proximate Principle Feed Analysis 

Sample 



Soluble Protein, Ash 
Carbohydrates (Sugars, 
Starches, some Hemicclluloses) 


Residue II 

Insoluble Protein, Ash, 
Carbohydrates; also 



Carbohydrates 


Difference 


Soluble Ash « Total Ash (from separate sample) minus Ash of Residue II. 
Insoluble Protein =» Total Protein (from separate sample) minus Soluble 
Protein. 
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INCREASE IN PRODUCTION AND VALUE OF THE WHEAT CROP 
IN MANITOBA AND EASTERN SASKATCHEWAN AS A 
RESULT OF THE INTRODUCTION OF RUST 
RESISTANT WHEAT VARIETIES* 

J. H. Craigii:^ 

Dominion Laboratory of Plant Pathology, Winnipeg, Manitoba 
(Received lor publication July 28, 1944] 

INTRODUCTION 

Does scientific research pay? In industry, this question has been 
answered very definitely in the affirmative. In agriculture, the same 
positive answer can be given by a great many farmers and others who have 
directly benefited from agricultural research. Probably if the public in 
general were more aware of the increase in the national income that may, 
and does, accrue from agricultural research, there would be a more insistent 
demand that ample financial suppc»rt be provided for it. Broadly speaking, 
the prosecution of agricultural research is dependent on government sup¬ 
port, and the support a government can provide for it is, in turn, largely 
dependent on the insistence of the public for such research and on the 
willingness of the taxpayers to supply funds for it. This insistence and 
willingness, in turn, will probably be directly proportional to the economic 
benefit that may accrue from the research, or rather in direct proportion 
lo the awareness of the public in respect to that benefit. 

In Canada, a large number of research projects in agriculture are now 
under way, but all, or practically all, of them are constantly hampered to a 
greater or less extent through lack of adequate financial support. There 
seems, therefore, to be an urgent need of bringing to the attention of the 
Canadian people concrete evidence of the benefit that has already accrued 
to them through agricultural re'^earch. The j)resent paper gives such 
evidence in respect to one particuUir line of research, namely, the develop¬ 
ment of wheat varieties resistant to stem rust. In it, an estimate is given 
of the extent to which the general distribution of such varii uies in Manitoba 
and eastern Saskatchewan, the “rust area“ of Western Canada, has in¬ 
creased in these areas wheat production and, as a consequence, farm income. 

Occurrence of Sietn Rust 

Previous to the distribution ot rust resistant wheats in Alanitoba and 
eastern Saskatchewan, stem rust, as has just been implied, was always more 
destructive in these two areas than in western Saskatchewan and in Alberta, 
although, in the latter areas, it caused a greater or less amount of damage 
in occasional years. It is known to have been present in Manitoba as 

»Contribution No. 796 from the Division of Botany and Plant Pathology. Science Service, Dominion 
Department of Agriculture, Ottawa, Canada. 

* Officer-in>Charge. 
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early as 1891, and probably was present considerably earlier. It did con¬ 
siderable damage, at least in Manitoba, in 1896, as it did also in 1902 and 
in 1903. It was epidemic in Manitoba and eastern Saskatchewan in 1904, 
and moderately severe in 1905. A heavy attack developed in parts of 
these two areas in 1911 and infection was prevalent in 1914. An epidemic 
of severe intensity broke out in 1916, and others followed in 1923, 1927, 
and 1935, and in 1938 (wherever rust resistant varieties were not grown). 
Attacks little short of epidemic intensity occurred in 1919, 1921, 1925, and 
1930. In 1937, stem rust was of moderate to severe intensity in Manitoba, 
except along the western margin of the province where—as well as in the 
greater part of Saskatchewan—severe drought conditions caused a complete 
crop failure. In the remaining years from 1900 onward to 1939, the first 
year in which varieties of wheat resistant to stem rust were widely grown 
throughout the “rust area** of Western Canada, the severity of infection 
varied from light to moderate. Had not rust resistant wheat varieties 
been distributed in this area (and in the northern Mississippi Valley as 
well), it is probable that stem rust would have continued to recur and be as 
destructive there as it formerly had been. 

Figure 1 indicates the approximate western boundar>’^ of severe stem 
rust damage in 1935 and 1938. In 1916 and 1927, the area of severe damage 
extended somewhat further westward than in 1935 or 1938; in 1923, it did 
not extend as far as in either of these years. That is to say, the area 
severely affected by stem rust varied considerably in size from one epidemic 
year to another. 

Losses from Stem Rust 

The bulk of the loss from stem rust in Western Canada has occurred 
in Manitoba and eastern Saskatchewan, although substantial loss has 
occurred in occasional years in western Saskatchewan and Alberta. The 
loss from stem rust in wheat, to say nothing of the loss in oats and in barley, 
has been enormous. It is generally agreed that in 1916 the loss in wheat in 
Western Canada amounted to 100,000,000 bushels (2, 3). In 1927, it was 
calculated to be about 90,000,000 and in 1935, over 87,000,000 bushels (4). 
For the 11-year period 1925-1935, the average annual loss in Manitoba 
and Saskatchewan was calculated to be 35,518,000 bushels, constituting a 
cash loss through reduction in yield alone of $30,784,000 each year of this 
period (4). 

Not only does stem rust greatly reduce production, but it also causes 
a pronounced reduction in the quality, and hence in the grade, of the grain, 
which reductiol^n turn, is reflected in a reduced market price. The rusted 
wheat crop of 1916 may be taken to illustrate these two sources of loss. 
On the supposition that no loss from stem rust had occurred in that year, 
an additional 100,000,000 bushels of wheat would have been available for 
consumption. It is fair to assume that practically all of this wheat would 
have fallen within the grades No. 1 to No. 4 Northern. From October, 
1916, to March, 1917—during which period most of the grain would have 
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probably been sold off the farm—the average price at Winnipeg, Man., for 
these grades of wheat were, respectively, about $1.75, $1.72, $1.70, and 
$1.59 (Canada Year Book, 1918). In the following four months, the price 
of wheat soared very much higher; only in one of these months (April) did 
the monthly average for No. 4 Northern fall below $2.00 per bushel. If 
$1.70 per bushel be taken as the average price for the 100,000,000 bushels 
that were not produced, it is evident that the monetary loss from this 
source was $170,000,000, although, in view of the higher price prevailing 
after March, the actual loss may have been considerably higher. 

To this loss there must be added the loss due to reduction in grade 
of the wheat that was produced. As, in 1916, the damage from stem rust 
was not pronounced in Alberta, it may be assumed that the loss due to 
reduction in grade occurred entirely in Manitoba and Saskatchewan. In 
that year, the wheat production in Manitoba amounted to about 27,400,000 
and, in Saskatchewan, to about 121,800,000 bushels, making a total of 
approximately 149,200,000 bushels. Again, on the supposition that no 
stem rust damage had occurred and that most of this wheat would have 
fallen within the grades No. 1, 2, 3, or 4 Northern, the value of the crop 
would have been (at $1,70 per bushel) in the vicinity of $253,640,000. 
Owing to the reduction in the grade of the grain, however, the average 
price per bushel received for the Manitoba wheat was $1.23 and for the 
Saskatchewan wheat, $1.28 per bushel. It can leadily be calculated, 
therefore, that the actual farm income from the wheat crop in these two 
provinces was $189,606,000. Thus the loss due to reduction in giade was 
$253,640,000 less $189,606,000, or $64,034,000. 

Owing therefore to the ravages of stem rust in Western Canada in 
1916, there was a loss of $170,000,000 from reduction in wheat production 
and of $64,034,000 from reduction in grade, thus making a total monetary 
loss of $234,034,000. Bailey (1) estimated the loss at $200,000,000. 
According to the above calculation, his estimate was sufficiently con¬ 
servative. 

Although, in the foregoing paragraphs, the discussion is confined to 
damage from stem rust of wheat, it should be mentioned that leaf rust of 
wheat has been present every year in Western Canada and in occasional 
years did considerable damage, especially in Manitoba and the more easterly 
portion of Saskatchewan. Before varieties of wheat resistant to stem rust 
were distributed, the preponderant amount of rust damage was unquestion¬ 
ably caused bj^tem rust. The distribution of these varieties has, however, 
only partially^iminated damage from leaf rust, as, of the four rust resistant 
varieties now grown (Thatcher*, Regent, Renown, and Apex), only two are 
resistant to leaf rust. In fact, the variety most widely grown in Manitoba 
and eastern Saskatchewan is highly susceptible to this rust. If all of the 
four rust resistant varieties now grown were resistant to leaf rust as well 


* A variety developed by Dr. H. K. Hayes of the University of Minnesota. U.^.A. 
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as to stem rust, the increase in wheat production brought about by the 
distribution of them in Manitoba and eastern Saskatchewan would be 
slightly greater than that indicated subsequently in this paper. 

Rust Resistant Wheats Distributed 

The distribution of rust resistant wheats was begun on a small scale 
in Manitoba in 1936, and by 1938 slightly more than one-half of the wheat 
acreage in this province was sown to such wheats. In the latter year, 
approximately 30% of the wheat acreage was sown to durum w^heat 
varieties. As the durum wheats grown are partially resistant to stem rust, 
the year 1938 may be taken as the first year in which resistant varieties 
were widely grown in Manitoba. (In passing, it may be mentioned that, 
had it not been for the rapid increase in durum production after the epidemic 
of 1923, the loss from stem rust in Manitoba from that year to 1937 would 
have been much greater than indicated in this paper). As mentioned 
earlier, stem rust was epidemic in 1938 on susceptible wheats in Manitoba 
as well as in eastern wSaskatchewan, and much heavier infection than usual 
was present in western Saskatchewan and in Alberta. Owing to a scarcity 
of seed of the resistant varieties, distribution of them in eastern Saskat¬ 
chewan was somewhat less rapid than in Manitoba, so that it was not until 
1939 that rust resistant varieties became widely grown in that area. The 
years 1938 and 1939 may, therefore, be regarded, respectively, as the iirst 
years in which the growing of rust resistant wheats definitely influenced 
wheat production in Manitoba and eastern Saskatchewan. 

COMPARISON OF THE YIELD OF MARQUIS WHEAT AND FOUR RUST 
RESISTANT WHEATS IN THE PRESENCE OF RUST 

By way of illustrating the superiority in yielding ability, in the presence 
of rust attack, of the rust resistant wheats now being widely grown in the 
“rust area” of Western Canada over rust susceptible wheats that were 
formerly grown in this area, data are given in Table 1 on the yield of 
Thatcher, Regent, Renown, and Apex, four rust resistant varieties, and of 
Marquis, a rust susceptible variety formerly very extensively grown in this 
area. These data are taken from the Co-operative Test Reports of the 
Sub-Committee on Plant Breeding, Associate C'ommittee on Field Crop 
Diseases, National Research Council and Dominion Department of Agri¬ 
culture, and are based on the yields of adequately replicated rcxi rows 
grown at four Stations in Manitoba in 1935, 1938, and 1940. On susceptible 
varieties, rust was extremely severe in 1935, severe to moderately severe in 
1938, and comparati\xdy light in ^940. In each of these years, the severity 
of infection varied somewhat from Station to Station, the Infection being 
regularly more severe at Winnipeg, where the naturally-occurring infection 
was intensified by an artificially-induced infection. In respect to plant 
growth, Marquis as well as Thatcher, Regent, and Renown are well adapted 
to Manitoba conditions. Apex, on the other hand, is not generally so well 
adapted to these conditions as are the other four varieties, a fact that 
largely accounts for its yield being usually somewhat lower than that of the 
other three resistant varieties. 
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Table 1.—Comparison of the effect of rust on the yield per acre of the wheat 
VARIETIES Marquis, Thatcher, Renown, Regent, and Apex at 
four stations in Manitoba in 1935, 1938, and 1940 

(Based on the yield of replicated rod row plots) 


Wheat varieties 

Stations- 



Marquis 

Thatcher 

Regent 

Renown 

Apex 


bu. 

bu. 

bu. 

bu. 

bu. 

1935 






Morden 

5.5 

32.9 

27.4 

21.9 

17.5 

Winnipeg 

1.9 

21.8 

21.1 

21.2 

12.3 

Brandon 

8.8 

43.5 

40.3 

37. & 

30.2 

Gilbert Plains 

1.7 

26.5 

30.7 

25.6 

18.4 

Avcragf 

4.5 

31.2 

29.9 

26.6 

19.6 

1938 






Morden 

17.6 

30.4 

38.4 

33.0 

32.8 

Winnipeg 

5.0 

18.1 

1 25.7 

20.2 

17.6 

Brandon 

15.6 

45.7 

48.9 

47.5 

44.6 

Gilbert Plains 

21.2 

30.8 

30.5 

32.4 

30.0 

Average 

1 14.8 

31.2 

■ ”.^9” 

33.3 

31.2 

1940 

Morden 

1 

; 23.7 

44.5 

45.6 

41.1 

39.4 

Winnipeg 

i 12.7 

43.4 

41.0 

42.4 

34.0 

Brandon 

32.5 

39.1 

40.2 

37.8 

37.9 

Gilbert Plains 

i 40.3 

! 

37.3 

37.3 

31.7 

33.3 

Average 

27.3 

41.1 

41.0 

38.2 

1 

36.1 


It is evident from Table 1 that, in 1935, the averaj^e yield of Marquis 
was extremely low, whereas that of the resistant varieties was from 4 to 7 
times higher. In 1938, owing to the comparatively late date at which rust 
became severe on susceptible wheals in Manitoba, the damage to such 
varieties was considerably less pronounced than in 1935. Despite this 
ameliorative circumstance, the average yield of the resistant varieties was 
more than double that of Marquis. Even in 1940, a relatively light rust 
year, the resistant varieties out-yielded Marquis, except at Gilbert Plains, 
by a considerable amount. The marked disparity between the yield of 
these varieties and that of Marquis in 1935 and 1938, and at Winnipeg and 
Morden in 1940, is almost entirely attributable to injury suffered by 
Marquis from rust. In the absence of rust injury. Marquis would have 
approximated the resistant varieties in respect to yield, or even might have 
occasionally surpassed them, as it did at Gilbert Plains in 1940. Conse¬ 
quently, over a period of years in which wide variation from season to 
season occurred in the amount of injury caused by rust, the disparity 
between the average yield of rust susceptible and rust resistant wheats has 
been much less^gpnounced than that just indicated. 

IMPROVEMENT IN WHEAT PRODUCTION AND VALUE RESULTING 
FROM THE GROWING OF RUST RESISTANT VARIETIES 

In order to gain some idea of what economic benefit rust resistant 
wheats have been to wheat producers in Manitoba and eastern Saskat¬ 
chewan—and indirectly to everyone in Canada—a comparison may be 
made of the actual wheat production in these two areas during the years in 
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which rust resistant varieties were widely grown, and what the production 
in these two areas would probably have been during the same years if rust 
resistant varieties had not been grown. The difference between the actual 
production (when rust resistant varieties were grown) and the probable 
production (had such varieties not been grown) will indicate, for each area, 
the increase in prcxiuction that has accrued as a result of the introduction 
of rust resistant wheats. From this difference, the monetary improvement 
in farm income arising from the increased production can be calculated. 
The computation, of course, disregards entirely the improvement in yield 
and value of the wheat crop in other parts of ('anada where rust resistant 
varieties have been intioduced. 

Attention should be directed to the fact that the improvement in 
wheat production resulting from the growing of rust resistant wheats is 
largely, but not entirely, attributable to the control of stem rust effected 
by these wheats. It is known that, even in the absence of stem rust, the 
rust resistant varieties tend to out-yield Marquis wheat, the variety most 
widely grown in Western Canada prior to the introduction of rust resistant 
ones. In the following computations, no attempt has been made to 
differentiate between the increased production attributable to this factor 
and that attributable to the control of stem rust, as both sources of increase 
are directly attributable to the development and distribution of rust 
resistant wheats. 

The data relative to acreage, actual production and actual value for 
Manitoba and eastern Saskatchewan, as well as the data on which the 
probable production is based, were taken, respectively, from the annual 
crop report bulletins of the Manitoba Department of Agriculture and the 
annual reports of the Saskatchewan Department of Agriculture. F^rom 
these two sources and The C anada Year Bc:>ok were taken the data relative 
to price per bushel. 

Improvement in Manitoba. 

A comparison is given in Table 2 of the actual wheat production in 
Manitoba during the 6 years 1938 to 1943 the period in which varieties 
of wheat resistant to stem rust were largely grown- and the probable 
prcxluction (had susceptible varieties continued to oe grvnvn). The 
probable production in c*ach cff these years is bas»*d on the acreage sowm to 
wheat in each of the 6 years and the average yield per acre for 16 previous 
years, namely, 1916-1928, 193t». 1935, and 1937. The years 1929, 1931- 
1934, and 1936 are omitted, becau^e, in these years, prcuiounced drought in 
some parts of the province markedly reduced the vield. The omission of 
these years helps to eliminate drought as a factor intluencing the average 
yield per acre. Although during the period 1917 to 1921, drought or partial 
drought conditions prevailed in some parts of the province, any influence 
that these conditions may have on this average is probably more than 
sufficiently off-set by similar conditions in parts of the province in the years 
1939, 1940, and 1941 
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Table 2. —Comparison of (A) the actual wheat production (when rust resistant 

VARIETIES WERE GROWN) AND (B) THE PROBABLE WHEAT PRODUCTION (iF 
RUST RESISTANT VARIETIES HAD NOT BEEN GROWN) IN 

Manitoba during the 6- year period 1938-1943 


Year 

Total 

acreage 

sown 

A 

B 

Difference 

in 

production 

Actual 

production 

Probable 
yield per 
acre^ 

Probable 

production 


(000) 

(bu.) 

(bu.) 

(bu.) 

(bu.) 


1 

(000) 


(000) 

(000) 

1938 

3,184 

50,000 

15.15 

48,253 

1,747 

1939 

3,201 

61,300 

15.15 

48,495 

12,805 

1940 

3,512 

66,400 

15.15 

53,206 

13,194 

1941 

2,442 

' 51,000 

15.15 

36,996 

14,004 

1942 

1,930 

53,650 

15.15 

29,239 

24.411 

1943 

1,640 

41,000 

— 

24,846 

16,154 

Total 

15,909 

323.350 

— 

241,035 

82,315 

6-year 

j 





average 

2.651 j 

53,891 

1 

“ 1 

40,172 j 

13,719 

[ 


* Average yield tor the 16 years 1916-1928. 1930. 1935, and 1937. 


The difference, therefore, between the actual production of wheat in 
the province during the 6 years 1938-1943,' in which varieties of wheat 
resistant to stem rust w^ere largely grown, and the production that would 
have probably been obtained if susceptible varieties had continued to l>e 
grown in these years, may logically be attributed to the growing of rust 
resistant varieties of wheat. It will be seen in Table 2 that this difference 
in w^heat production for the 6-year period amounts to 82,315,000 bushels, 
or to an annual average difference of 13,719,000 bushels. The average 
annual wheat acreage in Manitoba was 2,651,000 acres, so that the average 
difference in yield per acre between the actual production and the probable 
production is 5,17 bushels. 

This increase in wheat production has very materially improved farm 
income in this province. .Table 3 gives the actual value of the wheat crop 
in these 6 years and the probable value of that crop if rust resistant wheat 
varieties had not been growm. The probable value given is very likely 
somewhat higher than it should be, as it is based on the price per bushel 
obtained in each respective year for Manitoba-produced wheat that was not 
damaged by rust. If rust resistant wheats had not been grown, there 
would have prob^ly been considerable rust damage in some of these 6 
years, and consequently, owing to a lowering of the grade in any such year, 
the average price per bushel would have been somewhat less than that given 
in this table. On the basis of the average price per bushel, the difference 
between the two values is $57,505,000, or an annual difference of $9,584,000. 
In other words, the farm income of Manitoba was increased by this amount 
n each of the 6 years. 
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Table 3.—Comparison of (A) the actual value of the wheat crop (when rest 

RESISTANT VARIETIES WERE GROWN) AND (B) THE PROBABLE VALUE OF THE 
CROP (if rust resistant VARIP:TIKS had NOT BEEN GROWN) IN 
Manitoba during the 6-vear period 1938-1943 


Year 

Ayerapfe 
price p<T 
bu.shel 

A 

H 

Difference 
in value 

Actual 1 

'•alue 1 

1 Probable 
i prcwl action 

Probable 

value 

1938 

1939 

1940 

1941 

1942 

1943 

1 SO.61 

0.55 
! 0.53 

0.51 

0.72 : 

1.07 j 

(OfK)) 

S30.500 

1 3-3.715 

35,192 
26,010 i 
38,628 1 

43,870 1 

(bu.) 

(000) 

48,253 

48,495 

53.206 
i 36,996 

1 29,239 

24,846 

(000) 

$29,434 ' 

26,272 
28.199 
18,868 : 
21,052 
26,585 

1 (000) 

1 

! S 1.066 

1 7.443 

6.993 

1 7,142 

1 17,576 

j 17,285 

Total 


207.915 i 

__1 

i__ _' 

150,410 

57.505 

6-year 

i 


i j 

I 

1 

averaj^e 

1 

i 

34.652 


1 2.5,068 

, 9.584 

i 


Perhaps it would be of interest to j^ain an idea of how much loss this 
piovince suffered in wheat production and in farm income through the 
lack of suitable rust resistant wheat varieties during the 16 years referred 
to above. It is realized that, during these years, an increased production 
would have probably lowered the price of wheat, but any fall in the price 
of wheat as a result of highei production in these years would have been 
largely off-set by a fall in price due to loss of grade resulting from damage 
by rust. The total acreage sown to wheat in these years was 43,707,100 
acres, and it has been shown above that the rust resistant wheats out- 
yielded susceptible wheats by 5.17 bushels per acre. Had resistant wheats 
been grown during these 16 years, they would hav'e probably out-yielded 
the susceptible wheats by an equal amount per acre. The total loss in 
these 16 years was, therefore, probably in the vicinity of 225,965,000 
bushels, or an average annual loss of approximately 14,123,000 bushels. 
The average price of Manitoba-produced wheat for these years was approxi¬ 
mately SI.19 per bushel, so that the total monetary loss was about 
$268,898,000, or an annual loss of $16,806,000. 

Improvement tn Eastern Saskatchewan 

As pointed out earlier, stem rust has usually been somewhat less 
destructive in eastern Saskatchewan than in Manitoba, but the total 
acreage of wheat is very much greater in the former than in the latter area, 
and hence, over a period of years, the aggregate loss in production and 
value of the crop through damage from stem rust would be expected to be 
greater. F^or the purpose of the present computation, eastern Saskat¬ 
chewan is taken to include the following six crop districts: No. 1 (South- 
Eastern), No. 2 (Weyburn-Regina), No. 3 (South-Ontral), No. 5 (East- 
Central), No. 6 (Central), and No. 8 (North-Eastern). Actually, only the 




60 


SCIENTIFIC AGRICULTURE 


[Vol. 25 


eastern half of No. 3 and of No. 6 lie within the “rust area", but, as produc¬ 
tion data for these two halves are not available, it is necessary to regard 
both districts as lying wholly within that area. 

In Table 4 is given a comparison of the total actual wheat production 
in eastern Saskatchewan during the S-year period 1939-1943—a period 
during which rust resistant varieties of wheat were extensively grown—and 
the total probable wheat production in these years if rust resistant varieties 
had not been grown. The data are given by crop districts, but to conserve 
space, only the totals for the 5 years are presented. The total probable 
production in any given district is calculated from the total acreage sown 
to wheat in that district during the 5 years and the average yield per acre 
obtained in that district during 16 years (1916-1928, 1930, 1935, and 1938) 
in which rust susceptible varieties were largely grown. (Drought caused a 
complete crop failure in eastern Saskatchewan in 1937, and hence the sub¬ 
stitution of 1938 for 1937, although in 1938 probably about one-quarter of 
this area was sown to rust resistant wheats). Table 4 shows that, for the 
six crop districts, the total actual wheat production exceeds the total 
probable wheat production by^ 138,101,000 bushels. In other words, the 
growing of rust resistant wheats in these 5 years increased the total produc¬ 
tion by that amount, or by^ an average of 27,620,000 bushels per year. 

'Fable 4.—Comparison of (A) the total wheat production (when rust resistant 

VARIETIES were GROWN’) AND (B) THE TOTAL PROBABLE WHEAT PRODUCTION 
(if rust resistant VARIETIES H.AD NOT BEEN GROWN) IN SIX 
CROP DISTRICTS IN EASTERN SASKATCHEWAN DURING 
THE 5-YEAR PERIOD 1939-1943 


Crop 

District 

Total 

acreage 

sown 

A 

.... 

B 

Difference 

in 

pHKluction 

Actual 

production 

IVobable 
yield per 
acre* 

Probable 

production 


(000) 

(hu.) 

(hu.) 

(bu.) 

(000) 



(000) 


(000) 


No. 1 

3,707 

67,643 

13.80 

51,104 

16,539 

No. 2 

7,306 ! 

! 123,396 

14.72 

107,544 

15,852 

No. 3 

14,899 i 

255,220 

14 74 

219,611 

35.609 

No. 5 

5,977 i 

124.797 

17.20 

102,804 

21,993 

No. 6 

10,013 

170,305 ; 

14.04 

140,583 

29,722 

No. 8 

3,951 

94,917 

19.37 

76,531 

18,386 

Total 

45,853 

836.290 

1 

698,177 

138,101 

5-year 






average 

9,170 

167,258 

— 

139.6.TS 

27,620 


* Average yield per acre for the 16 years 1916-1928, 1930, 1935, and 1938 in the respective crop districts. 


The impro^tnent in farm income in eastern Saskatchewan resulting 
from the introduction of rust resistant wheats is indicated in Table S. 
This table gives, for each of the 5 years, the actual value of the wheat 
produced in the six crop districts, and the probable value of the wheat that 
would have been produced in them if rust susceptible varieties had con¬ 
tinued to be grown during these 5 years. The price per bushel in any given 
year is the average price per bushel obtained in that year for wheat pro- 
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duced in Saskatchewan as a whole. As pointed out earlier in connection 
with a similar computation for Manitoba, the probable value is very likely 
over-estimated, for, if rust susceptible varieties had been grown, the price 
per bushel received, owing to a reduction in the grade of the wheat, would 
probably have been somewhat less in some of the years than that indicated. 
According to these calculations, the actual value of the wheat produced 
during the 5 years is $88,293,000 in excess of the probable value for these 
years. In r)ther words, the farm income in eastern Saskatchewan was 
increased on an average by $17,658,000 each year. 

Tahlk 5.—Comparison of (A) the actual value of the wheat crop (when rust 
RESISTANT VARIETIES WERE UROWN) AND (H) THE PROBABLE VALUE OF THE CROP (iF 
RUST RESISTANT WHEAT VARn:TlF:S HAD NOT BEEN GROWN*) IN SIX CROP DISTRICTS 
OF EASTERN SaSKATCHI:W’AN DURING THE 5-VEAR PERIOD 1939-1943 


Year 


1939 

1940 

1941 

1942 

1943 


I'otal 


S-ycar 

average 


A B 


.\\T*rag(* 
price per 

Acfual ; 

Probable 

' Probable ! 

Difference 
in value 

l)ushel 

value ' 

production 

value 1 



(000) 

(bu.) 

; rooo) 

(000) 

sS().54 

i 

1 S100.122 ! 

: (000) 

1 

1 152,221 

vS82.119 

$18,003 

0.53 

' 92,538 ; 

166.078 

88,021 

4,317 

0.53 

1 56.498 

130,975 

69.417 

:(-) 12,919 

0 65 

! 157,521 ! 

135,399 

88.009 

! 69,512 

1.03 

1 131,159 j 

118,427 

121,979 

' 9.180 


j 537.838 

1 

449.545 

1 

1 88,293 

_ 

; 

1 107,567 : 

r * 

1 

89.909 

17.658 


During the 16 years 1916-1928, 1930, 1935, and 1938, eastern Saskat¬ 
chewan sustained a pronounced monetary loss through the lack of suitable 
rust resistant varieties of wheat. An estimate of what this loss has been 
can be arrived at by a simple calculation. In Table 4 it is shown that, for 
the 5-year period, the average annual acreage sown was 9,170,000 acres and 
the average annual difference between the actual production and the 
probable production was 27,620,000 bushels. It is evident, therefore, 
that rust resistant wheats yielded on an average 3 .0 bu^hels more per acre 
than susceptible wheats would have yielded had they been grown. The 
total wheat acreage in the six i rop districts for the 16 years was 143,351,000 
acres. On the supposition that rust resistant varieties had been grown 
during these 16 years, the production of wheat would have been increased 
by 430,053,000 bushels, or approximately 26,878,000 bushels each year. 
That is to say, there was an annual loss in wheat pnxluction equal to this 
amount. For these 16 years, the average price ot wheat produced in 
Saskatchewan was $1.14 per bushel—a much higher average price than 
prevailed from 1939 to 1943—so that, for these 16 years, the total loss was 
somewhere about $490,260,000, or a loss of $30,641,000 each year. 
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DISCUSSION 

It is evident from the foregoing discussion that the development of 
rust resistant wheats and their general introduction in the bad rust area 
of Western Canada has been of immense financial benefit to wheat growers 
in that area, and indirectly in greater or less degree to everyone in Canada. 
Such varieties have also been introduced in other parts of Canada, and, to 
the extent that stem rust has been destructive in those parts, to that extent 
has the value of the wheat crop in those parts been increased. 

Not only has the development of rust resistant wheats been of immense 
financial benefit to everyone concerned, but it has been of decided beneht 
to the morale of the farmers themselves and of the public in general. It 
has removed one of the worst wheat crop hazards. The farmer now^ has 
confidence, that, barring insect damage, and drought, hail, or other crop 
hazard over which he has no control, a crop will reward his labours. The 
public is assured of an adequate wheat supply and of more stable economic 
conditions. 

Furthermore, there seems to be good evidence that similar benefits, 
even if less pronounced, have accrued in respect to the production of barley 
in Western Canada, particularly in the “rust area.” Wheat stem rust 
attacks barley as well as wheat, that is to say, it attacks susceptible varieties 
of both crops. The extensive growing of rust resistant wheats in Manitoba 
and eastern Saskatchewan (and in the northern Mississippi Valley as well) 
has enormously reduced the amount of stem rust inoculum (red spores) 
available for the spread of stem rust from wheat to barley. As a result of 
this decrease in the amount of inoculum, a great deal less infection than 
formerly has developed in the last four or five years on barley, especially 
on late sown barley. This circumstance, in turn, has improved the income 
of barley growers in this area, and, thereby, has improved the national 
income. Unfortunately, however, the danger of rust damage to barley 
has not been entirely removed. To overcome this danger completely, rust 
resistant varieties of barley must be developed. 

As, under ordinary field conditions, wheat stem rust does not attack 
oats, the growing of rust resistant wheats has not had a corresponding 
effect on the amount of stem rust infection on oats. In this connection, 
it may be said that oat varieties highly resistant to the i aces of oat stem 
rust that have in past years been prevalent in Canada, have been produced 
and are now rather widely distributed. The improvement in farm income 
from this source itself has been substantial. 

In comparison with the loss that formerly occurred from damage to 
wheat by stem rust, the cost of rust research in Canada has been so small 
that it is scarcely worthy of mention. It is safe to say that from 1916^ ^ 
prior to that appiiijpntly nothing was spent—up to the present, the total 
amount expended in Canada by governments, institutions, and other 
organizations, all combined, did not exceed $2,000,000. In fact, the amount 
was probably a good deal less. The present computations show that the 
development and introduction of rust resistant wheats have increased the 
average annual value of the wheat crop in Manitoba and eastern Saskat¬ 
chewan, respectively, $9,584,000 and $17,658,000, or a combined increase 
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of $27,242,000. In other words, since the advent of rust resistant wheats, 
the improvement in farm income in these two areas would, on an average, 
repay in a single year more than thirteen times over all the expenditure 
ever made by C'anada on wheat rust research. (If the average price per 
bushel had been as high for wheat during the last 5 years as it was in the 
16 earlier years discussed in this paper, the annual improvement in farm 
income would have repaid ihe expenditure on wheat rust research more 
than twenty-three times over). 

As indicated in the introduction, the scope of this paper is strictly 
limited, and no digression into a general discussion of the advantages that 
have accrued already, or may accrue in future, from other lines of scientific 
agricultural research is admissible here. One point, however, may be 
mentioned. If C anada is to maintain a high export level of farm products, 
and particularly if she must continute to compete in respect to these 
products in world markets, it is absolutely essential that production costs 
of farm products in Canada be reduced. To accomplish this, the produc¬ 
tive capacity of the various factors inv'olved in farm production must be 
increased. There is little (juestion that this can he accomplished through 
concentrated scientific res€*arch, and through it alone can it be accomplished 
at minimum cost. 


SUMMARY 

An estimate is given of the increase in wheat prcxluction and of the 
resulting increa.se in farm income from this source that hav'e accrued 
through the development and introduction of wheat varieties resistant to 
stem rust. It is shown that, in Manitoba for the 6-year period 1938-1943, 
the actual av^erage annual production and value of the wheat crop 
exceeded the probable average annual pnxluction and value—had rust 
susceptible varieties continued to be grown during these years—by 
13,719,000 bushels and 89,584,000, respectively. In eastern Saskatchewan, 
for the 5-year period 1939-1943, the corresponding figures are 27,620,000 
bushels and Si 7,658,000. That is to say, the growing of rust resistant wheat 
varieties in these two areas has increased, respectively, the average annual 
wheat production and farm income in the “rust area'* ol Western Canada 
by 41,339,000 bushels and $27,242,000. 

It is estimated that, if tin* i^resent rust resistant varieties of wheat 
had been grown in Manitoba n. the lo years 1916-1928, 1930, 1935, and 
1937, the yield per acre would have exceeded that obtained from the rust 
susceptible V'arieties that were grown in those years by 5.17 bushels. In 
other words, the av'erage annual loss in wheat production for these 16 years 
was about 14,123,000 bushels, and in farm income, $16,806,000. Similarly, 
in eastern Saskatchewan, if the present rust resistant varieties had been 
grown in the 16 years 1916-28, 1930, 1935, and 1938, the av’^erage yield per 
acre would have been increased by 3.0 bushels, with a consequent annual 
increase in wheat production of 26,878,000 bushels, and in farm income 
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of $30,641,000. The total annual monetary loss in the “rust area“ of 
Western Canada for these 16 years was, therefore, in the neighbourhood of 
$47,447,000. 

Furthermore, it is estimated that, in the 5-year period 1939-1943, the 
average annual increase ($27,242,000) in farm income accruing from the 
growing of rust resistant wheats in Manitoba and eastern Saskatchewan 
W’ould repay more than thirteen times over the total expenditure made by 
Canada on wheat rust research. 
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The ICuropean spruce sawtly, Gilpinia hercyniae was apparently 

introduced to Canada at least several decades a^o (Ij. W'hen first dis¬ 
covered in 1930, a large outbreak had already developed. The history of 
this outbreak has been described (2, 3). It reached its peak about 1938. 
when some 12,000 sc|uare miles were estimated as being heavily infested. 
During the next few years the numbers of the insect declined, until by 
1943 no rmportant defoliation was being caused. 

The decline of the outbreak coincided with the appearance of high 
percentages of larval mortality due to disease. This paper will discuss the 
evidence that the disease was responsilde for the decline of the outbreak. 
It will also giv^e some preliminary information regarding the nature of the 
dis(^ase pending the completion of further experimental studies to be reported 
in full later by the junior author. 

HISTORY OF DISEASE 

The first evidence of a disease affecting the sawfly was obtained in the 
laboratory in 1936. During 1934 and 1935 continuous rearings of pure 
lines of the insect had been carried on by Mr. ('. C. Smith for as many as 
twenty-fiv^e generations, without any sign of disease. Karly in 1936, small 
percentages of the larvae began to die. The amount of mortality increased 
steadily until by 1939 it had become impossible to rear a single larva in the 
laboratory by ordinary methods. 

In the forest only rare individuals which might have been diseased 
were observed until 1938. During the latter part of this year diseased 
larvae became numerous in some parts of New Brunswick and were noted 
by Dowden (8) in heavily infi'sted areas in Wrmont and New' Hampshire. 
In 1939 mortalit\’ was high at these points and was observed over much 
wider areas. In 1940 Dowden concluded that the disease was responsible 
for controlling the outbreaks in \ ermont and New' Hampshire. The same 
year Peirson (11) reported that it was prevalent in parts of Maine, but did 
not consider it a reliable factor of control. 

In Canada, from 1939 to 1942 the epidemic appeared to spread from 
south to north. Disease was not evident on this laborator\''s plots in 
central Gaspe, Quebec, until 1940 and did not cause any striking reduction 
in population there until 1942. I'he first report of its occurrence on the 
north shore of the St. Law’ience was in 1940 (5). By 1942, however, it was 
known to be distributed throughout the greater part of the range of the 
sawfly. Samples of lar\'ae collected from numerous localities scattered 
from Nova Scotia to Lake Ontario have shown both the external and 
internal symptoms. 

i Contribution No. 2.120. Division of Entomology. Science 5>ei vice, Oepiirtment of .Agriculture. Oti.iw». 
Canada. 
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The disease was first noticed in heavily infested areas but has been 
found since causing considerable mortality in light infestations. Since 
1940 the authors have never failed to find it wherever the sawfly has been 
moderately numerous. It has also been prevalent in stands which have 
never been more than lightly infested, and were in some cases over 100 
miles from the nearest heavy*^ infestation. Dr. C. E. Atwood and Mr. 
K. E. Stewart, of this Division, however, have reported on areas in Ontario 
which were apparently still free from the disease in 1942. No evidence has 
been found of its presence in Newfoundland. These areas are the farthest 
removed from the main heavily infested region. It appears that a high 
density of host population may have been necessary, or favourable, to the 
development of the epidemic, but that it rapidly achieved a momentum 
which carried it long distances more or less regardless of the density of the 
population of the host. In 1943 it was still causing considerable mortality 
in lightly infested stands. 

There is no definite evidence regarding the origin of the disease. It is 
not improbable that it was introduced to this continent from Europe with 
parasite material. Dr. W. R. Thompson of the Imperial Parasite Service 
has kindly supplied information regarding a study of a disease of Gilpinia 
polytoma (Htg.), made during the course of parasite investigations in 
Europe, which strongly suggests that it is the same as the disease in Canada. 
Dr. K. R. S. Morris has also reported a disease attacking this species in 
central Europe. Apparently, Gilpinia pallida (Klug.), Diprion pini 
(Shrank) and Neodiprion sertifer (Geoff.) are affected by the same disease. 

VALUE AS A CONTROL FACTOR 
Natural Control Before Disease Appeared 

In order to estimate the effect of a new factor of control it is necessary 
to know something of the nature of the control complex before this factor 
was added. 

Since 1930 the Fredericton laboratory has studied the population of 
the sawfly and the factors controlling it (3). Most of the data have been 
obtained from seven plots in Quebec and New Brunswick. On all of these 
for periods of from 4 to 8 years the cocoon population has been estimated 
annually by a method of sampling which has been described by Prebble 
(13). On four of them the larvae dropping from the trees have also been 
recorded daily for'a number of years. This was accomplished by means of 
trays, corresponding in size and method of location under the trees to the 
ground quadrates used for cocoon sampling (10). Random samples of 
larvae and cocoons have also been taken periodically from numerous points 
throughout the Maritime Provinces and the Gaspe area. Through the 
Forest Insect^^b^vey, 5,865 collections of larvae and 1,202 collections of 
cocoons have been received and analyzed at Fredericton. Each year 
studies have been made of adult emergence, oviposition, and egg moitality. 
The various factors of natural control have been investigated by laboratory 
and field experiments. Although it is difficult with this insect to obtain 
satisfactory estimates of the population in the adult and egg stages, the 
above work has provided a fairly complete picture of the progress of the 
outbreak and the factors determining local and general population trends. 
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Some of the results have been published (2, 3, 9, 12, 14). The following 
is an attempt to summarize them for the period preceding the appearance 
of disease. 

The sawfly had evidently increased rapidly in the Gaspe for some years 
prior to its discovery in 1930. Between 1930 and 1938 the area of heavy 
infestation spread over most of the peninsula, and heavy infestations 
developed throughout New Brunswick, in northern Maine, in parts of 
Vermont and New Hampshire, and to the west of the Gaspe in Quebec. 
At the same time moderate or light infestations occurred through all other 
parts of the spruce forests of this region and extended from Nov^a Scotia to 
the north shore of the St. Lawrence and west to Ontario. 

The rate of increase during this time was irregular, owing chiefly to 
annual and regional fluctuations in the percentage of eonymphs remaining 
in diapause in the cocoon (12). Higher percentages of diapause caused 
lower populations of feeding larvae, increased cocoon mortality, and 
checked the rate of increase. The cocoon population, however, tended to 
rise, irregularly but persistently, until limited by the supply of foliage. It 
was evident that although many control factors were operating on the 
sawfly, the survival rate in the main types of spruce forest was sufficient to 
bring about an increase in its numbers until the upward population trend 
was rev'ersed by a shortage of food. Owing to the reserve of cocoons in 
diapause, and to the reluctance of the larvae to eat the new foliage this 
drop in numbers was generally rather gradual, and during the process the 
defoliation of the trees was often completed. Toward the south, however, 
diapause tendency was low and population fluctuations were more violent. 

The factors controlling the rate of increase have varied somewhat in 
relative importance in different seasons, regions and forest types. They 
have been, however, much the same in all the places studied and in a 
general way may be summarized by stages as follows: 

The Egg, No natural enemies of the egg have been found and no 
important mortality has resulted from climatic factors. Some are lost 
through the drying and dropping of needles in which they are laid. The 
percentage hatch has generally been over 90 and close to 95. 

The Larva. The feeding lar\ al stages are well adapted to the climatic 
conditions under which spruce grows. A small percentage of the first 
instar dies from rain and unknown causes. The larvae are resistant to 
several degrees of frost but in cool seasons some mature too late to reach 
the cocoon stage before winter. A number of the immature larvae drop 
from the trees but many of these crawl back to the foliage. Birds and 
insect predators lake a moderate toll of all instars, but, as shown by Reeks 
(14), native parasites have accounted for .to more than 0.02^r. Shortage 
of food in the later stages of outbreaks has been the cause of the greatest 
amount of larval mortality. 

The Cocoon, In the dormant condition in the cocoon the sawfly will 
survive temperatures lower than any experienced in the forest floor. It is 
also resistant to the effects of extreme dry’^ or wet weather, although some 
mortality results from prolonged wet conditions on poorly drained sites. 
Dry weather may cause mortality indirectly by prolonging diapause and 
thus increasing length of exposure to predators (12). The greatest 
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mortality in the cocoon is caused by small mammals which destroy about 
half the cocoons during a period of outbreak (9). The percentage thus 
destroyed is greatest under conditions of high diapause and following a 
high density of population. 

Some idea of the total mortality in the cocoon can be gained from the 
fact that samples from beneath dead trees in central Gaspe showed that 
during the period of outbreak 82% failed to produce adults. Samples 
taken in 1943 on two plots in central New' Brunswick, where there is less 
diapause, show ed percentages of 62 and 68. 

The Adult, There is little evidence of important control in the adult 
stage. Most adults apparently succeed in laying their full complement of 
eggs. This has remained fairly constant at around 45 per female, except 
w’^hen reduced by poor feeding conditions in the preceding larval stage. 
Some adults are destroyed by birds but in the typical spruce forest this 
number does not seem to be large. Climatic conditions are favourable 
except for a few w hich emerge too late in the season to complete oviposition. 

The destructiveness of the sawfly up to 1938 may therefore be attri¬ 
buted to the fact that it had been introduced to a region where its food w'as 
plentiful over vast areas, where the climate was favourable and the biotic 
factors of control were insufficient to prevent an increase of population 
until the factor of food shortage was added. The latter appeared to be the 
only truly density-dependent factor of importance. 

By 1938, however, several species of introduced parasites had become 
well established and began to exert considerable additional control in many 
parts of the infested area (2, 4). At the same time the first evidence was 
obtained that disease w^as affecting the sawfly, in the more southerly parts 
of its range. In 1939 both disease and parasites increased in effectivene.ss 
but the disease began to compete successfully with the parasites and 
became the chief factor in bringing about a general reduction of the out¬ 
break (2, 9). If the disease disappears, the introduced parasites may again 
become important in maintaining control. 

Mortality Caused by Disease 

Some indications of the considerable amount of mortality caused by 
the disease have been given in the literature (2, 6). Dowden (8) described 
the large number of dead larvae in heavily infested areas in New Hampshire 
and Vermont in 1939 and noted that disease was also prevalent in light 
infestations. Dirks (7) reported in 1942 that on plots in Maine, 97% of 
the larvae which dropped were dead and that samples beaten from trees 
in August showed from 63 to 98% disease. 

Exact measurement of the percentage of a generation which is killed 
is difficult, howler. It has been attempted in different ways. 

1. By beating the larvae from low-growing trees on to a 7 X 9 ft. 
sheet, with a 10-ft. pole. This gives an estimate only of the population 
and its condition at the time of sampling. It gives no information on the 
number of larvae which fell before sampling, and once the larvae have been 
disturbed it is impossible to tell how many of the healthy larvae would 
have become infected before maturity. Also, many diseased larvae adhere 
to the foliage and are not removed by beating. 
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2. By rearing known numbers of larvae from the egg on isolated 
branches over cotton mats. This involves only small numbers under con¬ 
ditions not typical of the forest. It provides information on the seasonal pro. 
gress of the disease and the degree to which the various instars are affected. 

3. By recording daily throughout the season the stage and condition 
of the larvae dropping from the trees on 2 X 2 ft. trays, as mentioned 
above. The trays were placed under trees distributed alternately among 
those used for cocoon samples. 7'his method gives definite information on 
the number surviving to the sixth stage but the number of diseased larvae 
recorded is considerably less than the total because the majority of diseased 
larvae adhere to the foliage. 

If these limitations are recognized, data of some value can be obtained. 
The third method is the only one which is of much use for estimating 
percentages of mortality in the stand. In Tables 1 and 2 are shown the 
results on two plots in central New Brunswick where daily records were 



Figure 1. Drop of fifth stage larvae on Plot 1, 1939-41, shown as apparently healthy 
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possible *from 1938 to 1941^ The trays all had cotton bottoms except 
those used at Young's Brook in 1938 and 1939. These had wire screens 
through which some of the young larvae escaped. The sides were treated 
with tanglefoot and so constructed as to prevent escape. 

In Figure 1 is shown the drop of fifth stage larvae by 3-day periods on 
Plot 1 for 1939-41. This indicates the increasing effectiveness of the 
disease as the summer progresses. Only the earlier laivae of the first 
generation had any chance of survival. It also gives a good idea of the 
degree of mortality and the reduction in population each year. 


Table 1.—Larval drop at Young’s Brook (plot 1) on 44 trays, 2 X 2 ft. 
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— 

99.5 

— 
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94.8 

— 

— 
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— 1 
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Table 2. —Larval drop at Acadia Station (plot 3) on 50 trays, 2 X 2 ft. 
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* Theie plou were Mtabliahed by W. A. Reeki and M. L. Prebble and we are indebted to them and R. F. 
Morrif for tupplying meat of the original data. 
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The annual reduction in larval population is best indicated by the 
number of larvae reaching the sixth stage in a healthy condition. This is a 
non-feeding stage which does not become diseased unless it was infected in 
the previous stage. It remains on the tree for one, or two days, then drops 
to the ground to spin the cocoon. 

On Plot 1, for instance, where the infestation was heavy in 1936 and 
1937, the total dropping as sixth stage in 1938 was 1,389. The number in 
each of the following three years was 465, 19, and 2. On Plot 3, where the 
infestation had been only moderate, the number of sixth stage dropping in 
the years 1938 to 1941 was 590, 397, 23, and 11. The reduction was 
greater and more rapid on the heavily infested plot. 

The degree of larval mortality is best calculated by comparing the 
number of healthy sixth stage larvae with the total of all stages. For 
instance, in 1939 on Plot 1, 4,952 larvae dropped, of which 406 were healthy 
sixth. If it were assumed that all the larvae dropjx^d, the percentage 
mortality would be 91.8. Similar calculations for 1940 giv'e a mortality 
of 99.3%. This method, how^ever, gives an underestimate since the 
majority of diseased larv ae die on the trees and remain there for some time. 
Gradually, rain, wind and snow dislodge them, but generally not until 
after the recording of drop has ceased. Laboratory experiments and 
calculations from frass-drop measurements by Morris (10) suggest that 
about 80% remain on the foliage. It will be conservativ^e to assume that 
half the diseased larv'ae do not drop in time to be recorded. If this is done 
the total number of larvae in the case of Plot 1 in 1939 was 4,952 plus 
58.1%, or 7,829. The percentage mortality would then be 94.8 The 
corresponding figure for the next two years is 99.7. 

This method of calculating the larval mortality in a stand is the most 
accurate one at present av’ailable^ but, in addition to the uncertainty 
regarding the number adhering to the foliage the following possible sources 
of error must be recognized: (1) If all sizes of larvae are not very carefully 
collected at least once a day the total larvae, and hence the percentage 
mortality, will be under-cbtimated; (2) Stages 1 to 5 which are recorded as 
healthy would often have become diseased before reaching the sixth stage; 
(3) Some of the healthy immature stages may regain the foliage and be 
recorded twice. Under the conditions on this laboratory’s plots these 
errors are thought to be small, but to tend toward underestimation of 
mortality. 

Mortality from Disease Compared ivith Total Mortality 

The extent to which this larval mortality was rellected in the over¬ 
wintering population of cocoons indicated in Table 3. Figures are given 
for a plot near Dunbar Creek (Plot 2) as well as for the plots at Young’s 
Brook (Plot 1) and Acadia Station (Plot 3). All are within 25 miles of 
each other. They represent three degrees of infestation. 

It will be vseen that in all cases the first decrease in cocoon population 
occurred following the season of 1939, when the disease was first recognizee! 
as an important control factor and larv al mortality on two of the plots was 
estimated at 82 and 95%. Disease was present in 1938 and killed a good 

* Measurement of frass-drop appears to provide a more satisfactory method, as shown recentlv by Morris 
( 10 ). 
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many lar\'ae in the latter part of the summer. Data-on larval drop for 
Plot 3 indicate a mortality that year of 50%. They are incomplete for 
Plot 1, but the number of sixth stage was about three times as great as in 
1939 and the mortality was evidently insufficient to prevent an increase in 
cocoon population on all plots. The most striking reductions occurred 
following the seasons of 1940 and 1941, when the percentage larval mortality 
was not less than 99.7% on Plot 1 and 96.5 and 94.3% on Plot 3. 

Although the estimated percentages of mortality due to disease are 
high, and there is an obviously close relation between the amount of disease 
and the reduction in the outbreak, it is not sufficient to quote such figures 
without considering what effect they would have on population trend and 
what relation they have to the total mortality. The importance of a 
percentage mortality figure depends on sex ratio and number of eggs laid 
per female, as well as the habits of the insect and the methcxls by which 
data are obtained. 

The problem of determining the exact r61e of any single factor of con¬ 
trol is difficult and often baffling. The difficulty lies in obtaining reliable 
data on all the interacting factors involved. In the present case an attempt 
to do so would seem to be justified since the mortality from disease was 
sufficiently high to make the other factors relatively unimportant. Thus 
errors due to the use of approximate estimations based on inadequate data 
are less serious. The attempt is made, however, not so much to present 
exact estimates of mortality as to indicate some aspects of the problem 
which must be considered, no matter how' much it is simplified. Per¬ 
centages are shown to the first decimal point regardless of the significance 
of the data, to demonstrate the importance of fractional changes in such 
percentages as they approach 100. The results only serve to emphasize 
the great care necessary in obtaining data on percentages of mortality and 
the importance of relating them to the habits and reproductive rate of the 
insect. 

In comparing the estimated mortality from disease with the total 
mortality from all factors as shown by the cocoon counts it is necessary 
to consider the habit of diapause and the two overlapping generations per 
year. 


Table 3.—Cocoon population on three plots in New Brunswick* 

(200 sq. ft. per plot). 



1937 

1938 

1939 

1940 

1941 

1942 

1943 

l. Young's Brook (heavy) 

31.8 

66.7 

95.8 

28.6 

4.1 

0 

0.04 

2. Dunbar (medium heavy) 

4.0 

37.2 

55.6 

26.8 

0.9 

0.04 

0.12 

3. Acadia Station (medium) 

— 

9.2 

21.0 

1 5.5 

0.09 

0.24 

0.20 


•Average Number of Sound Cocoons in Spring Per 4 sq. ft. 


In this dittrict in 1939 and 1940 approximately 30% of the cocoons 
collected in the spring and observed under natural conditions remained in 
diapause. Studies of mortality in the cocoon stage indicate that in an 
average year almost 80% of these dormant cocoons would be destroyed 
by small mammals and other causes. The great majority of the remainder 
would emerge the following year. Thus spring counts would contain about 


30 X 20 
100 


or 6% of the cocoons counted the previous spring, which had 
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remained in diapause and escaped destruction, in addition to those formed 
the previous summer. This hold-over of dormant cocoons prevents the 
effect of larval mortality from being fully reflected in the cocoon population 
of the following spring. For this reason 100% larval mortality would not 
wipe out a population unless repeated for at least two successive years. In 
the Gaspe, where diapause tendency is much stronger, high larval mortality 
reduces the cocoon population more gradually than in New Brunswick 
and more southerly areas (2, 12). 

Of the cocoons formed by the first generation, a variable percentage 
produces adults for a second generation the same year. In central New 
Brunswick during 1937 and 1938 the authors estimate this at approxi¬ 
mately 25%). Data are lacking for the following years but it would certainly 
be higher and probably close to 50%. This is because there is greater 
emergence from early than late cocoons, and when the disease is prevalent 
only the earlier larvae succeed in reaching the cocoon stage (Figure 1). 

The overlapping of the two generations makes it impossible to study 
them separately under natural conditions with any degree of accuracy. 
It is difficult, however, to present a true picture of natural control unless 
some attempt is made to calculate the mortality in terms of each generation. 

Before the dis(‘ase appeared there was no evidence that there was any 
consistent diff(Tence in the amount^ of mortality suffered by the two genera¬ 
tions outside the cocoon. It is assumed, therefore, that it was approxi¬ 
mately equal in each generation. On the other hand, after the disease 
became prevalent, from 1939 to 1941. the mortality suffered by the second 
generation was lOOr^. This can be seen from Figure 1, for no healthy 
larv'ae dropped after the middle of August and second-generation larvae 
do not reach the fifth stage until after that time. The authors have there, 
fore assumed 100%' mortality in the second generation during these years. 

In Table 4 are shown the following which have been calculated from 
the cocoon counts in Table v^. 

1. huicx of Population Trend. This is the number of sound cocoons in 
the spring expressed as a percentage of the number of sound cocoons in 
the previous spring. 


Table 4.—Indi-x of popclation trend (i) and total mort.vlitv per oener.\tion 
(Ml AND M-i) CALCLLMKD FROM TABLE 3 



-- 
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2. Total Mortality per Generation. This is the total percentage of a 
generation killed by all factors up to the time of the following spring. It 
does not include mortality to overwintering cocoons remaining in diapause 
during the year. It is necessarily based on sex ratio, number of eggs laid 
per female, and percentages of diapause. 

Since males are rare (less than 1 in 1000), the sex ratio, or percentage 
of females divided by 100, is taken as 1. 

The number of eggs which a female is capable of laying varies some¬ 
what with the conditions of feeding of the larva from which she developed, 
and other environmental and inherent factors. It is therefore necessary 
to estimate this from an average of the number laid by a sample of females 
under natural conditions but protected from external causes of mortality. 
This has been found to remain fairly constant over a period of years and 
to approximate 45. 

If / = index of population trend, or 

cocoons per sq. ft, present year ^ jqq 
cocoons per sq. ft. previous year ’ 

M\ (or M2) = total percentage mortality of first (or second) 
generation, 

El— percentage emergence of adults from overwintering cocoons, 

£ 2 = percentage emergence from cocoons of first generation, 

R = average number of eggs per female, 

D = percentage of overwintering cocoons surviving in diapause, 


then / = 100 £1 R (1-Mi) (l.£2) + 100 7i, R (l-il/i) E2 R (I-I/2) + 100 7). 
70 6 

then I = 3150 (1-ilf,) (l-Ej) + 141750 iij (1-Mi) (l-M,) + 6. 


Prior to 1939 it is assumed that Mi = M« ~ AI, and li^ = Then 

/ = 2362.5 (1-il/) + 35437.5 {i-Mf + 6, 
which solves to 


iM = I - 


V / + 33.31 - 6.27 
188.25 


If, during the years 1939-41, M 2 = and E 2 > ihen 


/ - 6 = 1575 (1-il/,), 


or Ml = 1 


1 - 6 . 

1575 


In considering the control effect of the various values for M it is 


helpful to know the total mortality in each generation which would be 


necessary to maintain a level population (i.e. / = 100). Assuming it to 


be equal for both generations, a mortality of 97.2% would be necessary. 
If the mortality of the second generation were 100%, the mortality of the 
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first would have to be 94.23%. If there were no diapause, a uniform 
44 

mortality of — or 97 .8% would be needed in each generation to maintain 

a static population. This is Bremer’s “normal coefficient of destruction’ 
for one generation as quoted by IJvarov (15). 

The t)ercenta^es of larval mortality from disease in "Fables 1 and 2 are 
in all cases le.ss than the total mortality in Table 4. For instance, on 
Plot 1 in 1939 larval mortality was 94.8%, total mortality 98.6%; in 1940 
the respective percentages were 99 7 and 100. The percentages approxi¬ 
mated more closely as the disease became more effective. These differences 
are of course to be e.xpected, .since the other factors of control continued to 
operate after the appearance of the disease. 

Adult and egg mortality probably remained much the .same but many 
factors controlling the larval and cocoon stages were directly affected by 
the lowered density of the host population. .Scarcity of foliage, which 
had become a factor of some importance on Plot 1 by 1937, although not 
on the other plots, cea.sed to have any affect after 1939. The percentages 
killed by introduced parasites at first increased as the population declined, 
and then decreased. There is some evidence that the p(*rcentages destroyed 
by Podisus sp. and small mammals may have behaved similarly (9). This 
seems to be indicated by those cases in Table 4 where 1 is less than 6. 
Occasionally there was o\erlapping as when inf(‘cl(‘d larvae were attacked 
by Podisus or J^xeutenis spp. 

In spile of uncertainty regarding ihe exact control \'alue of other 
factors since 1939, the figures for these plots indicate fairly clearly the 
importance of the disease in bringing about the end of the outbreak. They 
serve to confirm the conclusions drawn from less intensive sampling methods 
used throughout tin* infested area. During 1939-41 it was undoubtedly the 
major control factor and capable of reducing thi‘ sawfly numbers regardless 
of other factors. Fliis was clearh' the case on Plot 1 in 1940 and 1941, 
when larval mortality was ('onM*rvatively estimaltnl at 99.Had 
there been no mortalit)' in \hv aclult or i-gg .'^tage thi percentage killed 
by di.sease probabK- would have been grc^atiu' owing to higher density of 
larv'^al population, and th(‘ total mortality much the sanu‘. 

Prior to the appearaiu'e of disease, other fa('tors were causing mortality 
of from 85 to 95^/( or more, Fhe para.'-iles, which were increasing rapidly, 
may havt* been capablt* of bringing tin* “awrage” generation mortality 
above the nec e.s.saiw' 97'^ before' .scarcity of foliagt' and ch mg of trees added 
the factor of starvation. "I'he disease, howe\er, accomplished this before 
the potential value of the parisiles could be determined and it destroyed 
.so large a proportion of the popnlatiem that ollu'i' factors became of minor 
importance. It has continued a- the dominant factor in the control 
complex at li'ast up to 1942, bin will probabK not remain >o after the 
population has been redui'cd to «i t'ertain level. Although the Naliies shown 
for / in 1942-43 are not significant, they suggest that this level may have 
already been reached. 

NATI RE OF DISEASE 

Laboratory experiments were limited at first by inability to rear larvae 
free from disease. Larv ae were collected from disease-free areas in Ontario 
and shipped to Fredericton in sterili/ed boxes. They were reared by an 
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assistant isolated from the regular laboratory in another building. Foliage 
was used from shade-trees separated from the forest. Experiments were 
carried out within a few days with fair controls, but the precautions taken 
were insufficient to prevent eventual infection. 

The difficulty was finally overcome by rearing larvae singly in special 
containers which could be sterilized by heat and used like a bacterial culture 
tube. By careful observance of the usual precautions in bacteriological 
work it has been found possible to rear disease-free lots continuously, even 
in the same incubator with infected lots. 

External Symptoms 

By infecting a number of larvae and examining them at 12-hour 
intervals, the process of infection has been followed up to death. The 
period from infection to appearance of first external symptoms varies with 
the temperature at which the larvae are reared. At 70° F. it is about 96 
hours, with death occurring 2 or v3 days later. The period of infection to 
death at a mean temperature of 66° F. has been found to be 6 days and at 
51° F., 11 days. 

The first external symptom of infection among third, fourth and fifth 
stage larvae is a faint yellow discoloration of the third to fifth abdominal 
segments. In the case of first and second stage larvae there is a similar 
whitish discoloration but, owing to the .small size of the early instars the 
first symptoms are not easily detected arid in many intsances are not 
observ'ed. As the infectious process continues, the discoloured area 
becomes more pronounced and soon the larva loses its healthy green colour, 
changing first to yellow-green and after ^death to dark brown or black. 
Infected larvae cease to feed and become inactive. There is also a shorten¬ 
ing of the body, not unlike that of larvae which have been starved. I )isea.sed 
larv^ae often exude a dark brown fluid from the anus which cements the 
cadav^er to the needle on which it has been feeding. The yellow-green 
protective fluid which is emitted from the mouth of healthy larvae when 
disturbed becomes milky-white in colour when the larvae are suffering 
from disease. 

After death the larva is frequently completely flaccid and it is difficult 
to remove it from the foliage without rupturing the integument and liberat¬ 
ing the liquid contents. There is no offensive odour. The cadavers may 
fall to the ground or remain attached to the foliage in a feeding position or 
suspended from the foliage by either extremity. 

Internal Symptoms 

If a smear of the body fluids of diseased larvae is examined with a high 
power dry or ^ immersion lens it will be found to contain, besides the 
elements of disorganized ti.ssues, myriads of polyhedral bodies. The 
average polyhedron measures 1.3 microns in diameter, ranging from 0.5 to 
1.8 microns. Their shape varies as much as their size, but in general the 
form is that of a polyhedron with more or less rounded corners. They 
never assume the shape of a perfect sphere. They are highly refractive 
and resistant to stains. 
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The pathological process is concerned with the digestive tract and 
usually results in the complete destruction of the mid-gut. The cells of 
the epithelium of the rnesenteron become enlarged. The polyhedral bodies 
are formed within the enlarged nuclei, from which they eventually escape. 
These nuclei appear like small dark bubbles when examined microscopically 
in the fresh state with a low power lens. 

The digestive epithelium of healthy larvae is translucent and the gut 
appears green in colour, due to the large amount of partially digested food 
material which it contains. The digestive epithelium of a diseased larva 
becomes opaque and milky-white in colour and the gut is devoid of food. 

The transition from an apparently healthy gut to a diseased gut is 
extremely rapid and in most cases the gut is apparently healthy 12 hours 
before the advanced symptoms. 

I'he Pathogen 

The blood and tissu(\s of large numbers of diseased larvae have been 
examined and a good many cultures have been made. In most cases no 
bacteria or other micTo-organisms are present until after death. Occasion¬ 
ally bacteria hav'e been found in living diseased larvae but these appear to 
be of a se('ondar>' nature and associated with unfavourable rearing 
conditions. 

From the external and internal .symptoms, the presence of polyhedral 
bodies, and the pathological processes the disease appears similar to the 
virus or “wilt” diseases of various lepidoptera (15). 

Experiments with Berkefeld V and N candled filtrates, however, have 
shown that tin* pathogen has been remov^ed during the process of filtration. 
Further attempts with different techniques must be made before filter- 
ability can be definitely determined. 

Methods of Trayismissioji 

Infection occurs by wav' of the mouth and larvae are easily infected by 
allowing them to feed on foliage which has been smeared or sprayed with 
aqu(*ous dilutions of the body Iluids of diseased liv ing or dead larvae. 

The apparently alimist simultaneous appearance of the disease over 
large areas in both heavy and light infestations and the degree of control 
obtained within a .short period of two or three years give some idea of the 
extreme-contagiousness of the disease and its eft'icitait means of spread. In 
carefully controlled laboiatory experiments, however, wIk'ii the air has 
been relativ^tdy still, healthy larvae have only become infected after direct 
contact with disea.sed larvae or su.faces which have been contaminated by 
them. The spnxid of the disea.se through the air is depeiideni un the 
presence of water or du.st particles which have been in contact with the 
pathogen and on air currents sufficient to carry them. It is improbable 
that spread by this means is sufficient alone to explain Mie rapid dissemina¬ 
tion in nature. Experiments now in progress indicate that under certain 
conditions the pathogen may be carried into the cocoon without killing the 
insect and the emerging adult is contaminated. This may be an important 
means of overwintering and spread since the adults often ily long bistances 

(4). 



78 


SCIENTIFIC AGRICULTURE 


[Vol. 25 


It is uncertain whether the pathogen overwinters on the foliage. Most 
of the cadavers are washed off before spring, and snow and rain are prob¬ 
ably important cleansing agents. One experiment has shown that con¬ 
taminated foliage lost its infectiveness during one month of sub-zero 
weather. The disease does not appear in the field until about the middle 
of July and this shows that the foliage is not heavily contaminated In the 
spring. On the other hand, the pathogen has survived in cadavers stored 
at just below freezing point for 13 months and in aqueous dilutions at room 
temperature for at least three months. 

Resistance of Different Stafies 

The evidence all indicates that the disease originates in the alimentary 
tract and can only infect the five feeding larval stages. The sixth stage, 
eonymph, pronymph, pupa, and adult have remained uninfected even after 
immersion in water extract of diseased larvae. 

The gut is normally evacuated by the sixth stage before the cocoon is 
spun (12). It has been found that if the period between the infection of a 
fifth stage larva and the evacuation of the gut is less than the period 
of incubation, normal development to the adult stage can take place. 
Although the adult is not affected, it can transmit the disease to some of its 
offspring, as already mentioned. It has not yet been determined whether 
the pathogen can be carried through the egg stage but the egg itself does 
not appear to be affected. 

If, however, the time of infection of a fifth stage larva is such that 
lesions occur in the gut shortly before moulting, it may reach the sixth 
stage but be unable to evacuate the gut. A cocoon may be formed but 
death takes place in the eonymphal, or occasionally the pronymphal, stage. 
This explains how mortality from diseiise may sometimes occur within the 
cocoon. Such ca.ses can generally be recognized by the dark flaccid appear¬ 
ance of the dead larva and the rather loosely spun cocoon. 

The amount of this mortality is small when, as in 1940-42, the disease 
appears in quantity during the early stages of development. It is greatest 
when disease appears after most of the larvae ar(‘ approaching maturity. 
During 1938 and'1939, eight collections made between Aug. 18 and Nov. 4, 
comprising some 6,000 cocoons, showed mortality of this kind ranging 
from 0.5 to 3.4%. 

We have observed.no cases of individual immunity or rcvsistance in the 
feeding larva#i?!^tages. All larvae fed contaminated foliage in experiments 
have died. Those which have survived the epidemic in the forest appear 
to have escaped infection by chance and in heavy infestations were confined 
to those which developed very early. The higher the density of the sawfly 
population, the lower has been the rate of survival. A thelytokous and 
relatively homozygous insect like the sawfly might be expected to show 
little variation in susceptibility. However, if the sawfly population in 
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North America has not previously been exposed to the disease, there can 
have been little time for potential resistance in the population to have 
developed through selection or other means of adaptation. 

Epidemiology 

Up to the present there is very little to suggest that the disease is 
greatly influenced by weather conditions. Density of sawfly population 
seems to be the most important factor determining its control effect. 
Although it has proved remarkably effective under conditions of light 
infestation, there is no doubt that the percentage of disease increases with 
the numbers of its host. This increase is independent of secondary effects 
of crowding, such as shortage of food. 

There is pnibably a minimum level of population on which the disease 
can maintain itself, once all the adults have emerged from cocoons formed 
by infected larvae as described above. It is already becoming less prevalent 
at points in New Brunswick and may disappear from considerable areas to 
reappear only after new outbreaks of the insect develop. 

The possibility of storing the pathogen in virulent form so that it can 
be re-established if necessary is being investigated. Preliminary experi¬ 
ments have shown that it can be introduced to new areas by spraying foliage 
with a water extract of diseased larvae. 
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A REVIEW OF THE NORTH AMERICAN SPECIES OF THE 
GENUS ARGYROTAENIA STEPHENS, (LEPIDOPTERA, 
TORTRICIDAE)^ 
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This paper is presented in an endeiivour to assist those engaged in 
the identification of the species of Argyrotaenia Steph. This genus is, 
at present, comprised of fifteen species which, as larvae, feed mainly on 
the foliage of coniferous and deciduous trees, and often occur abundantly 
enough to be of economic importance. 

A study of the genitalia of both sexes showed that, because of the 
interspecific similarities, the character'-' found in these structures could 
not be relied upon for specific separation but appear to be quite usable for 
generic re^striction. The segregation f>f the various species is, therefore, 
accomplished mainly Ijy differences in wing pattern. These differences are 
tabulated to form an artificial key and are illustrated from photographs 
of specimens, or a series of specimens when it is desirable to indicate 
the variation of wing pattern within a species. In a few instances, illustra¬ 
tions ol types and homotypes are included, thanks to the co-operation of 
the authorities at the Philade4)hia Academy of Natural Sciences aru^ at 
the American Museum of Natural History. The author’s notes per¬ 
taining to these types have been incorporated in the text. 

It is very difficult at the present time to obtain material or distri¬ 
butional data and, in consequence, the study has been based largely on 
specimens contained in the Canadian National Collection, and notes 
dealing with some of the more southern species are fragmentary. No 
attempt has been made to asvsemble a cf)mplete bibliography for each 
species, and only references to the taxonomic history are included. Refer¬ 
ences to the vast economic literature, dealing with several of the species, 
may be readily obtained by consulting Colcord’s indices of American econ¬ 
omic entomology. 


Argyrotaenia Stephens 

Genotype: Tortrix politaua Haworth 
Stephens, 1852, List Spec. Anini. llrit Mus., X (bep.), 67. 

Pierce and Metcalf, 1922, Gen. lorl. Lep. Hr. f'i , 1. 

McDunnoujjh, 1939, Check List Lep. t ,,n. I'.S.A. (Part 2), 57- Argyrotaenia Hbn. cited 
in error for Argyrotaenia Steph. 

Cubitus of hind wing above without fringe of hair at base, but with a 
fringe on the base of the second anal; fore wing with radius 4 and 5 separate, 
the latter running to the apex or outer margin, medius 3 and cubitus 1 
separate; hind wing with radius and medius approximate; fore wing 
smoothly scaled; palpi porrect, clavate or triangular; thorax with posterior 
crest; male antennae without notch at base. 

* Contribution No. 2323, Division of Entomology. Science Set vice. I )ci>;ittmefU of Agriculture. Ott.iwa, 
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Male genitalia: Claspers distinctly rounded; transtilla invaginated; 
cornuti broad, short, pointed and deciduous. 

Female genitalia: Ductus bursa narrow, with a strong sclerotic thicken¬ 
ing at the junction of the bursa. 

Argyrotaenia is separated from Etilia Hbn. by the following characters: 

Argyroiaenia: Hind wing with radius and medius approximate; 
aedoeagus broad; bursa membraneous. 

Eulia : Hind wing with radius and medius stalked; aedoeagus aciculate; 
bursa spiculate, somewhat resembling that of the geometrid genus Eupi- 
thecia. 


Kky to the North American species of Argyrotaenia Steph. 


1. Hind wings while, at least on costal half.2 

Hind wings smoky, brownish, or tawny.6 

2. Fore wing with a large central brown patch and with round, pure white or cream 

coloured patches surrounding the margin.alisellana (Rob.) 

Fore wing obli(iuely crossed by one or more fascia.3 

3. Fore wing with numerous, small, light brown spots and two narrow, parallel, brown 

fascia.qiiercifollana (Fitch) 

Fore wing with single, broad, often suffused, median fasciae.4 

4. Fore wing with shining white area between the median band and the outer costal 

spot; fringe of hind wing \fithout dark basal line.coloradana (Fern.) 

Area between median band and outer costal spot not white but concolorous with 
the ground colour.5 

5. Second joint of labial palpi strongly tufted on upper side (fig. 2) and broadest at the 

middle, this giving it a triangular appearance.citrana (Fern.) 

JM'Cond joint of labial palpi clavate, not tuft(‘d, widest at its apex (Fig. 1) 

repertana n. sp. 

6. Fore wings brown or orange, with two narrow' panillel darker fasciae.7 

Fore wings more \ ariegated, fascia when present much broader.8 


7. Fore wings bright orange 
Fore wings brow n. 


quadrifasciana (F'erii.) 
,... juglandana (F'ern.) 


8. Fore wings rust coloured, w ith two or three very distinct silvery white costal-streaks 

niscana (Kft.) 

Fore wing without silver\ white costal streaks, although complete whitish fascia 

may be* present.9 

9. Base of fore wing outstandingly ocherous to the inner edg(‘ of the median band, at 

least on co.stal half.10 

Base of fore wing may be somewhat ocherous but not standing out as a distinct ocherous 
basal patch. 11 

10. Ocherous basal patch uniform over the whole basal area from costa to the dorsal 

margin. Rest of wing shining leaden-grey. Expanse d^, 19 mm. Described 

from California.gloverana (VVIshm.) 

Ocherous basal patch on costal half of fore wing only. Expanse 14 16.5 mm. 

^ a few males and all females of velutinana (Wlk.) 

11. Fore wings reddi.sh brown, irrorated with darker cross lines, or the bands of the wings 

with darker outer margins.tabulana n. sp. 

Fore wings not irrorated with darker cross lines, or the bands not distinctly margined 
with darker shades.12 


12. Fore wings distinctly banded with reddish-brown, the outer margin of the basal patch 
extending from the dorsal margin to the costa. A pine feeder.. pinatubana (Kft.) 
Fore wings may have traces of reddish-brown banding but not distinctly so, and in 
such cases the outer margin of the basal patch does not extend to the costa.13 
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13. Fore wing grey or greyish-white; basal patch usually obsolete; median fascia weak 

behind, very pronounced in costal region where it is more or less joined to outer 
costal spot to form a large elongate triangle which extends almost to apex of 

wing. Expanse 18-23 mm. mariana (Fern.) 

Fore wing may be greyish but not with large elongate costal triangle extending almost 
to apex of wing.14 

14. Outer edge of basal patch distinct from dorsal margin to costa; fore wing generally 

grey with complete whitish fascia and the median band uniformly coloured at 

least on its inner margin; a spruce feeder. occultana Frmn. 

Outer edge of basal patch obliterated on costal half.15 

15. Ground colour ocherous or greyish, with two blackish or dark brown spots, the inner 

one representing the costal portion of the median band, below which this band 
is reddish-brown. Handing not very distinct. Expanse 11.5-14 mm. 

cf’ velutinana (Wlk.) 

Ground colour dark brown with purplish-brown bands; hind wing light reddish. 
Described from Florida. amatana (Dyar) 



I'Kii Ki-. 1. Head of repertaua n. sp. 



Figure 2. Head of citrana (Fern.) 


Arfjyrotaenia velutinana (Walker) 

(PI. I, Figs. 1-6) 

Cticoecia ? velutinana Walker, 1863, Cat. Lep. liet., XXVIIT, 313. 

Caioccia iriferana Walker, 1863, Cat. Lep. llel., XX\ III, 314, 

Tortrix Ititosana Clemens, 1865, IVoc. F.nt. Sue. Phil., \', 138; ZeUer 1876, Verb. z.-b. 
Ges. W^icn, XXV, 225. 

Tortrix incertana Clemens, 1865, Proe. Lnt. Sue. Phil., \ , 138; Robinson, li>68, Trans. 

Am. Ent. Soc., II, 278, PI. VI, ligs. 57. 58. 

Tortrix velutinana (W'alker), Grotc and Robinson, 1868, Trans. Am. Ent. Soc., II, 83. 
Lophoderus triferanus (Walker), Walsingham, 1879, III. Lep. Hei., IV, 15, PI. LXIII, fig. 9; 
Fernald, 1882, Trans. Am. Ent. Soc., X, 15. 
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Lophoderus velutinana (Walker), Fernald, 1882, Trans. Am. Ent. Soc., X, 16. 

Eulia triferana (Walker), Dyar, 1902, List N.A. Lep., No. 5421.^ 

Eulia velutinana (Walker), Dyar, 1902, List N. A. Lep., No. 5424; Forbes, 1923, Cornell 
Univ. Agri. Exp. Stat., Memoir 68, 490. 

Argyrotaenia velutinana (Walker), McDunnough, 1939, Check List Lep. Can. and U.S.A. 
(Part 2), No. 7443. 

Argyrotaenia lutosayia (Clem.), McDunnough, 1939, Check List Lep. Can. and U.S.A. 
(Part 2), No. 7444. 

Because of the sexual dimorphism of this species. Walker (186v3) and 
Clemens (1865), working independently at about the same time, both 
described the male and female as distinct species. A few years later, 
Robinson (1868) misidentified Clemens’ lulosana and figured as this an 
undescribed species to which I gave the name occultana Frmn. In 1879, 
Walsingham recognized that all the names proposed by Walker and 
Clemens belonged to one species. Later authors have followed either 
Robinson or WaLsingham but a recent examination of Clemens’ types 
shows that his names are synonymous with one another and also with 
Walker’s names, as judged from Walsingham’s depiction of Walker’s 
species. 

In the Ottawa district there are two or possibly three generations a 
year with the largest number of individuals flying in late May or early 
June and again in July. The males of the spring generation are generally 
darker than those emerging later in the summer, this difference not being 
so apparent in the females. In general the male moth is ocherous or greyish- 
ocherous with a rather poorly defined basal patch, usually distinct on the 
dorsal half only and angled outward at the fold. The median band is 
distinct, blackish or very dark brown on the costal half, brownish-ocherous 
on the dorsal half, the two halves being sharply defined. Beyond this is 
the usual Argyrotaenia costal spot followed below, or prolonged into, a 
brownish-ocherous spot. In the female the basal patch is further reduced 
to a short black spur representing the outer margin of that patch; and the 
^hole area within, above to the costa, and outward to the inner edge of 
the median band is ocherous and stands out against the uniformly reddish 
brown median band. 

Expanse: cT, 11.5-14 mm.; 9,14-16.5mm. 

Type locality: North America [velutinana (Wlk.), triferana (Wlk.)]; 
Virginia [lutosana (Clem.)]; unknown [incertana (Clem.)]. 

Type: British Museum [velutinana (Wlk.), triferana (Wlk.)]; Phila¬ 
delphia Acadamyof Natural Sciences, [lutosana (Clem.), incertana (Clem.)j, 

Food plant: The larva feeds generally as a leaf-tyer on almost any 
plant apparently, except conifers, and has been recorded, possibly in error 
on balsam fir. 

Distrihuti^: Que., Ont., N.Y., Mass., Penna., Mo., Tex. 

Argyrotaenia repertana n. sp. 

(Fig. 1; PI. I, Figs. 7-12) 

Head and thorax brownish-ocherous. Fore wing brownish-ocherous 
on a white ground, with darker median band and outer costal spot. Basal 
patch brownish-ocherous, its outer margin angled outwardly at the fold. 
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poorly defined throughout and extending to the costa. The area between 
the basal patch and the median band is concolorous with the basal patch 
on the costal half and becomes whitish on the dorsal half. In two of the 
paratypes this white area extends to the costa and in consequence the basal 
patch is outstanding. Median band oblique, reddish-brown, containing 
a minute spot of white at the middle of its outer margin. Outer costal spot 
concolorous with the median band, the space between brownish-ccherous. 
Terminal area from apex to tornus whitish. Fringe brownish-ochcrous. 
Hind wing white^ with slightly clouded anal area and light ocherous apex; 
fringe white with slightly darker basal line. Expanse of holotype, 16.5 mm. 
of paratypes, 15-19 mm. Moth in late May and June. 

Holotype — 9 , Waw'eig, N.B., June 15, 1938 (T. N. Freeman); No. 5408 
in the Canadian National Collection, Ottawa, Ont. 

Allotype —o^, St. Andrews, N.B., June 4, 1938 (T. N. Freeman). 

Paratypes — 1 cT, 4 9, Waweig, N.B., June 10-16, 1938 (T. N. 
Freeman); 1 cT, 1 9 , St. Andrews, N.B., June 9 and 18 (respectively) 1938 
(T. N. Freeman); 1 9 , S. Milford, N.S., June 28, 1934 (J. McDunnough); 
1 9 , White Point Beach, Queens Co., N.S., emerged in office Jan. 27, 1936 
(J. McDunnough), reared from Aralia sp.; 1 9 , Barrington Passage, N.S., 
June 19, 1910 (C. H. Young); 5 J", Aweme, Man., May 27, 1922 (N. 
Criddle); 1 cf*, Aweme, Man., June 13, 1923 (N. Criddle); 1 Saskatoon, 
Sask., May 31, 1924 (K. King); 2 cf*, Passadumkeag, Me., June 18, 1938 
and June 2, 1935 (A. K. Brower); 3 Augusta, Me., May 30, 1940 (A. E. 
Brower); 1 cf, Augusta, Me., May 17, 1491 (A. E. Brower). Paratypes in 
the U. S. N. M. and the collection of Ur. A. E. Brower, Augusta, Me. 

This species resembles, somewhat, the females of velutinana (Wlk.) 
and might be confused with it. However it is readily separated by its 
larger sixe and mostly while hind wings. 

Food plant: Aralia sp. 

Distribution: N.S., N.B.. Q)ue., Man., Sask , Me. 

Argyrotaenia pinatubana (Kearfott) 

(PI. I, Figs. 13-18) 

Tortrix politana Haworth, Packard, 1890, Fifth Report L ,S. Knt. Cornin. ' 91 (lift' history). 
Kulia pinatubana Kearfott. 1905, Can. Knt., XXXV^II. 9; Forbes, 1928, Cornell Cniv. 
Agri, Kxp. Stat., Memoir 68, 490. 

Argyrotaenia pinatiihana (Keartott\ 1989, McDunnouy:h, Check Ki^t Lep. Can. and I'.S.A. 
(Part 2), No. 7445. 

Sexes similar. Head and thoKn ocherous. Abdomen grey, blackish 
or mouse coloured with ocherous apical tufting more noticeable on the 
male. Fore wing with broad well defined orange to reddish-ocherous basal 
patch, the outer margin of which is distinct from costa to posterior margin; 
median band and outer costal spot well defined and concolorous with the 
basal patch, the median band usually with a lighter area near the middle 
of its inner margin; the bands are separated by a complete fascia of whitish 
or light ocherous which colour predominates in the apical region. Hind 
wing smoky, becoming paler basally; fringe paler with darker basal line. 
Expanse: cf, 13-15 mm.; 9, 14-18 mm. 
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Somewhat resembles repertana Frmn. and the females of velutinana 
(W Ik.) but is more distinctly banded. Moth from late April to early 
June. 

Type locality: Essex Co. Park, N.J. 

Type: American Museum of Natural History. 

Food Plant: the larvae feeds on Pine, binding the needles together to 
form a tube in which it lives. It is often injurious. 

Distribution: N.S., N.B., Que., Ont., Maine, N.J., N.Y. 

Remarks: The illustrated homotype was ably compared with Kear- 
fott’s type by Dr. C. V. Mitchener of the American Museum of Natural 
History. 

Argyrotaenia occultana Freeman 
(PI. I, Figs. 19-24) 

Tortrix lutosana (ClciTu-ns), Robinson, 1868, Trans. Am. Ent. Soc., II, 279, PI. VI, fig. 59. 
Argyrotaenia occultana Freeman, 1942, Can. Ent., LXXIV, 57; 1942, Brown and McGuffin, 
Can. Ent., LXXIV, 60 (larva). 

This is the species misidentified by Robinson and figured by him as 
lutosana (Clem.). Sexes similar. A moderate sized species with dark 
brown basal patch, median fascia, and outer costal spot; the spaces between 
these areas appearing as greyish or white fascia; outer margin of the basal 
patch distinct from the costa to the hind margin. In general colour it could 
only be confused with the much larger mariana (Fern.), the separating 
characters being noted in the key and accompanying plate. ICxpanse: 
17-19 mm. Moth in late June and early July. 

Type locality: Alt. Lyall, Que. 

Type: In the Canadian National Collection, Ottawa, Ont. 

Food Plant: Spruce. 

Distribution: N.S., N.B., Que., Ont., Alta., N.Y. 

Argyrotaenia mariana (Fcrnald) 

(PI. I, Figs. 43-45) 

Lophoderus mariana Fcrnakl, i882, Trans. Am. Ent. Soc., X, 67. 

Eulia mariana (Fcrnald), 1902, in Dyar List N. A. Lep., No. 5427; Forbes, 1925, Cornell 
Univ. Agri. Exp. Stat. Memoir 68, 491. 

Argyrotaenia mariana (Fcrnald), McDunnough, 1939, Check List jl.ep. Can. I '.S.A. (Part 2), 
No. 7450. 

Sexes similar. Head white, rarely grey. Thorax white or light 
ocherous with brown posterior crest. Abdomen whitish or grey with 
lighter apical tuft. Fore wing white with ocherous, brown, or black 
markings; basal patch mostly indistinct and indicated by a dark ocherous 
patch with angled black outer margin, which usually extends only to the 
middle of the wing and is most prominent at the hind margin; median 
band black, rarely brown on costal half where it often connects with the 
black, rarely brown outer costal spot in varying degrees of completion, 
below the middle the band is suddenly light brown, often indistinct along 
the outer margin; a light grey or light brown spot is usually present just 



October, 1944] 


FREEMAN—IDENTIFICATION OF ARGYFOTAENIA 


87 


above the tornus; rest of the wing white, finely striated with light ocherous 
and with short black striae along the hind and outer margins. Fringe light 
ocherous. Hind wing smoky; fringe white with dark basal line. Expanse: 
17—24 mm. Moth in May or June. 

Type locality: Described from four males from Orono, Me., Mass., 
and N.Y. 

Cotypes: 4cf’ in the United States National Museum. 

Food plants: Apple, blueberry, and possibly oak. 

Distribution: N.S. to Out., south to Fla. 

Remarks: A large whitish .species, with the median band and outer 
costal spot black, and often united to form a large black costal trian^ile 
beyond the middle. It is often a pest in apple orchards. 

Argyrotaenia tabulana n. sp. 

(PI. I, Figs; 25-30) 

Sexes similar. Head, palpi, and thorax, light brown. Fore wing light 
brownish-grey wnth a pinkish cast and irrorated with dark reddish-brown 
lines which represent the outer borders of the usual Argyrotaenia pattern. 
The basal patch is represented by two dark reddish-brown angulated lines. 
The oblique median band is a bit darker than the ground colour, shows a 
purplish cast, and is bordered outwardly and inwardly with irregular 
reddish-brown distinct lines. The costal spot beyond the median band is 
reddish-brown with darker inner and outer edges, and is contiguous or 
slightly remote from a similarly coloured elongate spot above the tornus. 
Beyond the costal spot are one or two short dark reddish-brown preapical 
lines from the costa; fringe light reddish-brown. Hind wing smoky, becom¬ 
ing lighter toward the base; fringe light with dark basal line and becoming 
tawny toward the apex. Underside of lure wing smoky with light ocherous 
costal and outer margins, and obliquely crossed with evenly spaced dark 
fuscous lines. Underside of hind wings white with several dark fuscous 
spots at the apex. Expanse of holotype, 17.5 mm., of paratypes, lv^-17 
mm. 

This species exhibits a certain amount of variation of maculation. 
The ground colour varies from light brown to greyish and the median 
band may be represented only by the darker outer borders, or it may be 
considerably darker than tne ground colour but with still derker distinct 
outer borders. The maculation of this species somewhat resembles that 
of pinatubana Kft. Moth from late Apiil to early June. 

Holotype —9, Constance Bay, Ont., Api. 29, 1941 (J. McDunnough); 
No. 5409 in the Canadian National Collection, Ottawa. 

Allotype —cf, Kazubazua, Que., June 7, 1927 (F. P. Ide). 

Paratypes —3 cf, Biscotasing, Ont., June 6, 11, 1931 (Karl Schedl); 
2 9, Kazubazua, Que., June 11, 1935 (G. S. Walley); 1 9, Hawk Lake, 
Ont. Reared on Jack Pine by the Forest Insect Survey and emerged in 
incubator Jan. 29, 1941; 2 c^, 2 9, Peachland, B.C., May 23, 1936 (A. N. 
Gartrell); 1 9, Jesmond, B.C., bred from Finns contorta and emerged 
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in laboratory Feb. 16, 1936 (J. K. Jacob); 1 9 , Baynes Lake, B.C., reared 
on Pinus ponderosa Dougl. and emerged in incubator Feb. 9, 1942. Para- 
types in the U.S.N.M. 

Food plant: Pine. 

Distribution: Que., Ont., Man., B.C. 

Remarks: Mines Jack Pine needles, webbing two needles together and 
eating out the inside of one needle very thoroughly causing the needle to 
appear cream coloured and making it very conspicuous. 

Argyrotaenia citrana (Fernald) 

(Fig. 2; PI. 1, Figs. 31-36) 

Tortrix citrana Fernald, 1889, Ent. Amer., V, 18. 

Argyrotaenia (Tortrix) citrana (Fernald), Basinger, 1935, Cal. Agr. Mo. Bull., XXIV, 233, 
Tortrix citrana Fernald, McDunnough, 1939, Check List Lep. Can. U.S.A. (Part 2), 57, No. 

7414. 

A variable species with acute apex of fore wing. Ground colour of 
fore wing grey, reddish-brown or ocherous; basal patch darker than ground 
colour or absent; oblique median band blackish or dark brown, narrower 
on costal third and fading out on its outer edge posteriorly; outer costal 
spot distinct or absent. Fringe light to dark ocherous. Hind wing white 
with a few short, dark, striae, more noticeable on outer half; fringe whitish, 
sometimes with darker basal line. Labial palpi with second joint tufted 
on upper side (fig. 2) and broadest at the middle giving it a triangular 
lateral aspect. Expanse: d^, 9, 14-19 mm. Moth intermittently 
throughout the year. 

Type locality: California. 

Type: A 9 in the United States National Museum. 

Food plants: Orange and other citrus fruits, Solidago, willow, Geranium, 
rose and Asparagus. Apparently a general feeder. 

Distribution: Calif., north in greenhouses to B.C. 

Remarks: A pest of considerable economic importance to the citrus 
fruits of California, and in greenhouses in British Columbia. It is the only 
species studied in the genus which possesses a triangular second palpal 
joint. 


Argyrotaenia niscana (Kearfott)' 

(PI. I, Figs. 37-38) 

Eulia niscana Kearfott, 1907, Trans. Amer. Ent. Soc., XXXIX, 94. ^ 

Eulia camerata 1912, Ent. Mon. Mag., XLVIII, 35. 

Argyrotaenia niscana (Kearfott), McDunnough, 1939, Check List Lep. Can. U.S.A. (Part 2), 
No. 7449. 

Sexes similar. Head and thorax rust coloured. Abdomen grey-brown. 
Fore wing rust coloured with narrow, white fasciae and streaks; basal patch 
rust coloured, wide, its oblique outer margin slightly irregular and well 
defined from costa to hind margin; beyond the basal patch is a narrow 
silvery-white complete fascia, often outlined in part with black; beyond, the 
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wing is rust coloured with a short silvery-white costal streak just beyond 
the middle, its posterior end curved abruptly outward and broken to 
include a round black dot, or continued to the tornus; near the apex of 
the costa, is a short white streak, and still nearer the apex is a light ocherous 
streak (sometimes broken) extending almost to the light ocherous tornal 
region; fringe light ocherous or tawny, darker at the apex. Hind wing 
entirely dark smoky, slightly striated with a darker shade; fringe 
lighter with dark basal line. Expanse: 15 to 18 mm. Moth from May 
to July. 

Type locality: Carmel, Calif. 

Type: d' in the American Museum of Natural History. 

Food plant: Unknown. 

Distribution: Calif. 

Remarks: Easily distinguivshed by its rust-red colour and outstanding 
silvery-white costal streaks. 

Argyrotaenia coloradana (Fcniald) 

(PI. I, Fig. 39) 

Lophoderus coloradana FcTnalcI, 1882, Trans. Am. Ent. Soc., X, 67. 

Eulia coloradana (Fcrnald), 1903, in Dyar List N. A. Lep., 485, No. 5425. 

Argyrotaenia coloradana (Fernakl), McDunnough, 1939, Check List Lep. Can. U.S.A. 

(Part 2), No. 7447. 

Sexes apparently similar. Head and abdomen light ocherous. Thorax 
reddish-brown. Fore wing with broad, well defined, reddish-ocherous 
basal patch, the outer margin of the latter distinct from the costa to the 
posterior margin of the wing; median band distinctly reddish-brown, 
darker on the costa, becoming lighter behind, its inner margin narrowly 
but distinctly outlined with yellow, and deeply indented just below the 
radial vein; outer costal spot large*, deep reddish-brown, contrasting with 
the white costal area on either side; between the bands and in the apical 
region of the wing the white ground colour is obscured by streaks and 
patches of light ocherous; fringe light ocherous with white rays. Hind 
wing white, with smoky anal region which may easily be erased in spreading, 
or in poor specimens; fringe white. Expanse: 21-26 mm. Moth in July. 

Type locality: Colorado. 

Cotypes: 1 cf*, 1 9, in the United States National Museum. 

Food plant: Unknown. 

Distribution: Colo., Utah. 

Remarks: Easily recognized by the distinct reddish-brown outer costal 
spot which contrasts with the white ground surrounding it. Somewhat 
resembles Archips argyrospila Wlk. but the latter has the hind wings 
entirely smoky. 



90 


SCIENTIFIC AGRICULTURE 


IVol. 25 


Argyrotaenia quadrifasciana (Fernald) 

(PL I, Figs. 4(K42) 

Lophodertis quadrifasciana Fernald, 1882, Trans. Am. Ent. Soc., X, 67. 

Eulia quadrifasciana (Fernald), 1902, Fernald in Dyar List N. A. Lep., No. 5419; Forbes, 
1923, Cornell Univ. Agri. Exp. Stat., Memoir 68, 491. 

Argyrotaenia quadrifasciana (Fernald), McDunnough, 1939, Check List Lep. Can. U.S.A, 
(Part 2), No. 7453. 

Sexes dimorphic. Male: Head, thorax and fore wing yellow, the latter 
uniformly reticulate with orange and crossed by an antimedian and post¬ 
median narrow, complete, purplish-brown (rarely orange) fascia; apical 
region suffused with purplish-brown; fringe light ocherous, dark in tornal 
region. Hind wing dark fuscous; fringe light fuscous with darker basal 
line. Female: Like the male except the bands are orange (rarely purplish), 
apical region of fore wing reticulated with orange and hind wings brownish- 
orange. Fringes as in male. Expanse: c?, 15-18 mm.; 9, 17-19 mm. 
Moth in June and July. 

Type localities: Me., N.H., Mass., N.Y., Ill. 

Cotypes: 2 cf, 1 9 , in the United States National Museum. 

Food plants: Crataegus, Amelanchier. 

Distribution: P.E.I. to Ont., south to Penn, and Mo. 

Remarks: Easily distinguished by its orange-yellow colour with orange 
or purplish-brown bands. 

Argyrotaenia quercifoliana (Fitch) 

(PI, I, Figs. 46-49) 

Argyrolepia quercifoliana Fitch, 1858, Trans. N.Y. State Agr. Soc., XVIII, 826. (Reprinted 
1859, Fifth Rept. Noxious Insects N.Y., 46). 

Tortrix (Argyrotoxa) trifurculana (Zeller), 1875, Verb. Zool.-bot. Ges. Wien, XXV, 226. 
Tortrix quercifoliana (Fitch), Fernald, 1902, in Dyar List N. A. Lep., No. 5399. 

Eulia quercifoliana (Fitch), Forbes, 1923, Cornell Univ. Agri. Exp. Stat., Memoir 68, 491. 
Argyrotaenia quercifoliana (Fitch), McDunnough, 1939, Check List Lep. Can. U.S.A. 
(Part 2), No. 7452. 

Sexes similar. Creamy-yellow, finely dotted with light brown; two 
narrow, darker brown, oblique fascia, the post median'one forked at the 
costa, and connected near its middle to a curved, subterminal, dark brown 
fascia, also forked on the costa just before the apex; fringe white or 
yellowish with^rker basal line. Hind wing and fringe pure shining white. 
Expanse ref*, 1^20, mm., 9,19-24 mm. Moth in June and July. 

Type locality: New York? 

Type: A c? without abdomen in the United States National Museum. 
Food plants: Oak, buckthorn and witch-hazel. 

Distribution: Que. to Man. south to Tex. and Fla. 
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Remarks: Some specimens (fig. 46) possess a light brown blotch near 
the middle of the fore wing and thus resemble alisellana (Rob.). However, 
the numerous light brown dashes in the basal and terminal areas of querci- 
foliana readily distinguish this species. Individuals rarely occur which 
are almost entirely light cream coloured, the brown maculation being 
obliterated. 

Argyrotaenia juglandana (Fernaid) 

(PI. I, Figs. 50-53) 

Tortrix (LopJwderus) juglandana Fernald, 1879, Can. Ent., XI, 155. 

Eulia juglandana (Fernald), Fernald, 1902, in Dyar List N.A. Lep., No. 5420; Forbe s, 1923, 
Cornell Univ. Agri, Exp. Stat., Memoir Co, 491. 

Argyrotaenia juglandana (Fernald), McDunnough, 1939, Check J.ist Lep. Can. U.S.A. 
(Part 2), No. 7454. 

Sexes quite similar. Male: Fore wing brown, inclined to be speckled 
and crossed by two narrow, dark brovri, oblique fascia which are wider 
on the costa. Fringe dark brown to blackish, becoming light toward the 
apex. Hind wing and fringe, shining fuscous. Female darker brown than 
the male with no speckled appearance. Expanse: cT, 17-19 mm., 9, 
21-26 mm. Moth in June and July. 

Type locality: Described from 11 males and 15 females from the fol¬ 
lowing localities: Mass., N.Y., Ont., Ohio, Wis. Part of the type series 
was reared from Hickory by J. Angus of West Farms, N.Y. 

Cotypes: 3 cT, 3 9 , in the United States National Museum. 

Food Plant: Hickory, also recorded on Viburnum. 

Remarks: This is the largest species in the genus. F'ull grown larvae 
occur in a longitudinally rolled hickory leaf in the latter half of June and 
pupate beneath the bark along the trunk of the tree. 

Distribution: Que. to Ont. south to Peiina. and ]\Iinn. 

Argyrotaenia amatana (Uyar) 

(PI. I, Fig. 54) 

Lopgodertis amatana Dyar, 1901, Jour, N.Y. Ent. Soc., IX, 24. 

Eulia amatana (Dyar), Fernald, 1902, in Dyar List N.A. Lep., 485, No. 5422. 
Argyrotaenia amatana (Dvar), McDunnough, 1939, Check List Lep. Can. U.S.A. (Part 2), 
58, No. 7446. 

Head and thorax reddish-brown. Fore wing brownish-orange with 
purple-brown basal patch, median Uand and outer costal spot, the first not 
reaching the costa; terminal space whitish. Hind wing orange, fading 
basally and of the same colour as that of the hind ing of the female of 
quadrifasciana Fern. 

This species is easily recognized by the orange brown colour of both fore 
and hind wings and in size approaches velutinana Wlk. Expanse: cf’, 
13 mm., 9 , 18-19 mm. 

Type locality: Palm Beach, Florida. 

Type: United States National Museum. 
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Food plants: Recorded by Dyar, 1901, op. cit., as bred from Annoiia 
glabra Linn. = laurifolia Duval, and, Nectandra coriacea (Sw.) Griseb. = 
Wildenoviana Nees. Also avocado (U.S.N.M. record). According to Dyar 
the larvae ties up the leaves with a series of transverse walls of web, leaving 
a round hole in each web near the leaf for the larva to pass through. 

Distribution: Florida. 

The only specimen the author has of this species is a rather worn male 
from Perrime, Florida, June 8, 1923, G. F. Moznette Coll., reared from 
avocado and kindly loaned for study by the authorities of U.S.N.M. 
through Mr. Carl Heinrich. 

Argyrotaenia alisellana (Robinson) 

(PI. I, Figs. 55-56) 

Tortrix alisellana Robinson, 1869, Trans. Am. Ent. Soc., II, 267, PI. I, fig. 15. 

Eulia alisellana (Robinson), Fernald, 1902, in Dyar List N. A. Lep., No. 5428; Holland, 
1913, Moth Book, 423, PI. XLVTII, fig. 39; Forbes, 1923, Cornell Univ. Agri. 
Exp. Stat., Memoir 68, 491. 

Argyrotaenia alisellana (Robinson), McDunnough, 1939, Check List Lep. Can. and U.S.A. 
(Part 2), No. 7451. 

Sexes similar. Head and thorax white. Fore wing light brown with 
white or cream coloured basal third, which sometimes contains a few light 
brown scales, and with marginal, pure white or cream coloured, rounded 
blotches as follows: One at the middle of the costa, one at the costal four- 
fifths, one at the middle of the outer margin, and one smaller one just 
before the tornus on the hind margin. Hind wing white. Fringes white. 
Expanse: 18-24 mm. Moth in June and July. 

Type locality: Ohio. 

Type: Probably lost. 

Food plant: Unknown. 

Distribution: Que., Ont., N.Y., Ohio, Penna., Ind., Ill., and Va. 
Argyrotaenia gloverana (Walsinghaip) 

Lophoderus gloveranus Walsingham, 1879, Ill. Lep. Het. B.M., 14, PL LXIII, fig. 7. 

Eulia gloverana (Walsingham), 1903, Fernald, in Dyar List N. A. Lep., 485, No. 5425. 
Argyrotaenia gloverana '(Walsingham), 1939, McDunnough, Check List Lep. Can. U.S.A. 
(Part 2J^8, No. 7448. 

Very little appears to be known about this Californian insect and it 
is absent from most collections. The author has never seen it, his key 
characters being based entirely upon the original description and figure, 
the former of which reads as follows: “Head whitish grey,, thickly clothed 
above and in front; palpi whitish grey, brpwnish at the sides, projecting 
the length of the head beyond it: antennae slightly pubescent: thorax 
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with a raised ferruginous tuft of scales at the back; patagia of the same 
colour. Fore wings—with the costa arched; apical margin very oblique, 
slightly emarginate below the apex—rather shining leaden grey, with a 
ferruginous patch at the base extending over one fourth of the wing, 
externally margined with brownish fuscous; an irregular, waved, greyish- 
fuscous fascia about the middle, clearly defined only on its inner edge; 
beyond and before it are some transverse streaks and lines of brownish 
fuscous, especially towards the apex; the apical portion of the costa clothed 
with brownish fuscous, and some streaks of the same colour running 
through the grey cilia. Hind wings pale brownish fuscous; cilia paler, 
IcT. Expanse of wings 19 millims.” 

*^Near Mount Shasta, California, ^ept. 3rd, 1871.** 

Type: British Museum. 

Food plant: Unknown. 
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Explanation of Plate I {See opposite page) 

1. A. veluiinana (Wlk.), cf, Constance Bay, Ont., (agrees with c?* type lutosana Clem.). 

2. A, velutinana (Wlk.), o', Mer Bleue, Ont. 

3. A. velutinana (Wlk.), o', Ottawa, Ont. 

4. A. velutinana (Wlk.), 9, Meach Lake, Que. 

5, 6. A. velutinana (Wlk.), 9*s, Ottawa, Ont. 

7. A. repertana n. sp., 9, holotype, Waweig, N.B. 

8. A, repertana n. sp., d', paratype, Augusta, Maine. 

9. A, repertana n. sp., cf, paratype, Awemc, Man. 

10. A, repertana n. sp., cf, allotype, St. Andrews, N.B. 

11. A. repertana n. sp., 9, paratype. White Pt. Beach, N.S. 

12. A, repertana n. sp., 9, paratype, Barrington Passage, N.S. 

13. A, pinatubana (Kft.), o', Chelsea, Que., homotype (Mitchener, 1943). 

14. A. pinatubana (Kft.), o', Wright, Que. 

15. A. pinatubana (Kft.) cf, Chelsea, Que. 

16. A, pinatubana (Kft.), 9, S. Milford, N.S. 

17. A. pinatubana (Kft.), 9 Tabusintac, N.B. 

18. A, pinatubana (Kft.), 9, Ottawa, Ont. 

19. A. occultana Frmn., cf, holotype, Mt. Lyall, Que. 

20. A, occultana Frmn., o', Mt. Laurier, Que. 

21. A, occultana Frmn., o', paratype, Mer Bleue, Ont. 

22. A, occultnaa Frmn.,* 9, allotype, Mt. Lyall, Que. 

23. A. occultana Frmn., 9, paratype, Burbidge, Que. 

24. A, occultana Frmn., 9 , paratype, McAdani, N.B. 

25. A, tahulana n. sp., 9, holotype, Constance Bay, Ont. 

26,27. i4, tahulana n. sp., o'o', paratypes, Biscotasing, Ont. 

28. A, tahulana n. sp., o', allotype, Kazabuzua, Que. 

29,30, A. tahulana n, sp., 9 9, paratypes, Peachland, B.C. 

31. A. citrana (Fern.), o'. Riverside, Calif. 

32,33. A. citrana (Fern.), Victoria, B.C. 

34,36. A, citrana (Fern.), 9 9, Ladysmith, B.C. 

35. A. citrana (Fern.), 9, Victoria, B.C. 

37,38. A, niscana (Kft.), 9 9, Cajon Valley, Calif. 

39. A, coloradana (Fern.), cf, Estes Park, Colo. 

40. A, quadrifasciana (Fern.), cf, Norway Bay, Que. 

41. A, quadrifasciana (Fern.), 9, Meach Lake, Que. 

42. A, quadrifasciana (Fern.), cf, Bobcaygeon, Ont. 

43. A, mariana (Fetn.), cf, Ottawa, Ont. 

44. A, mariana (Fern.), o', Berwick, N.S. 

45. A, mariana (Fern.), 9, Annapolis Royal, N.S. 

46. A. quercifoliana (Fitch), cf, Aweme, Man. 

47. A, quercifoliana (Fitch), 9 , Simcoe, Ont. 

48. A, quercifoltajia (Fitch), 9, Meach Lake, Que. 

49. A. quercifolSna (Fitch), 9, Ottawa, Ont. 

50-53. A, juglandana (Fern), cf cf, 9 9, Simcoe, Ont. 

54. A. amatana (Dyar), 9, Perrirae, Fla. (From Photo) 

55,56. A. alisellana (Rob.), cf cf, Mt. Lake, Va. 
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BOOK REVIEW 

A Source Book of Agricultural Chemistry by Charles A. Browne, 
Bureau of Agricultural and Industrial Chemistry, U.S. Depart¬ 
ment of Agriculture; 250 pages, cost $5.00. Published by Chronica 
Botanica Co., Waltham, Mass., U.S.A.; Canadian Agents, Wm. 
Dawson Subscription Service Ltd., Toronto, 2, Ont. 

The author devoted upwards of forty-five years to the field of Agri¬ 
cultural Chemistry where his duties consisted of teaching and research for 
industrial organizations, educational institutions and the U.S.D.A. About 
two decades of this time was spent as chief chemist and supervisor of 
agricultural research for the Bureau of Chemistry and Soils, from which he 
retired in 1940. As a result of long years of experience, he is eminently 
qualified to write a book on Agricultural Chemistry. The following state¬ 
ment in the preface gives Dr. Browne’s reason for the book and his treat¬ 
ment of the subject matter: 'The purpose of the author in writing the 
present work has been to give a more accurate and complete account, than 
has hitherto appeared, of the origins of agricultural chemistry and of the 
relationships of Liebig’s work to that of his predecessors. In doing this he 
has preferred so far as possible to let these predecessors in selected passages 
give their own accounts of the work selected for description, with no attempts 
at modernization of language. This volume is therefore primarily a source- 
book and while there can be a just difference of opinion in the choice of 
selective material, it is hoped that the various quotations and translations 
submitted will give the reader a good general perspective of developments 
in the history of agricultural chemistry from early beginnings down to the 
time of Liebig. Unless otherwise stated the various translations of original 
source material were made by the author.” 

The book consists of an introduction in which the author defines 
Agricultural Chemistry. This is followed by seven chapters beginning 
with Agricultural CHiemistry in ancient times (early Greek period 1940 B.C. 
—79 A.D., Thales to Pliny) and tracing this development through the early 
Royal Socict>' period (Boyle to Tull); through the period of the alchemists; 
the early and late Phlogiston periods; the period from Lavoisier to DeCan- 
dolle and on to include Liebig. 

The book is well indexed both as to subjects and authors. It is by 
no means a text book on, nor is it a conqilete history of the development 
of Agricultural Chemistry. However, it is an excellent reference for both 
student and instructor interested in the part chemistry has played in the 
scientific explanation and development of agriculture. Dr. Browne has 
brought together under the covers of this book many of the important 
original investigations and the theories which have influenced our present 
conceptions regarding the importance of proper food and protection for 
both the plant and animal kingdoms. He has presented the theories of 
the various authors referred to and some of their controversies without 
any conscious attempt on his part to influence the reader. 

Many of the original papers and books reviewed by the author are 
available only in the larger and better equipped libraries, and not a few of 
us welcome the opportunity of placing copies of A Source Book of Agricul¬ 
tural Chemistry in our libraries and on our reference shelves 

F. A. Wyatt. 
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HISTORY, DESCRIPTION, DISTRIBUTION AND PERFORM¬ 
ANCE OF AJAX AND EXETER OATS^ 

J. N. Welsh* 

Dominion Laboratory of Cereal Breeding^ Winnipeg^ Man, 

[Received for publication September 15, 1944] 

INTRODUCTION 

Previous to 1935, the varieties of oats grown in Canada were susceptible 
to many diseases such as stem rust, crown rust, loose and covered smut, 
and halo-blight. The only exceptions were Anthony and Green Russian, 
two varieties originating in the United States, which were resistant to 
certain races of stem rust, and grown to a limited extent in Manitoba. 

In 1935, the Ontario Agricultural College, Guelph, released Krban, a 
variety that is resistant to both smuts and moderately resistant to certain 
races of crown rust in the mature plant stage. It is grown extensively in 
Eastern Canada, particularly in areas where crown rust is usually prevalent. 
In 1936, the Dominion Laboratory of Cereal Breeding, Winnipeg, distri¬ 
buted Vanguard which is resistant to the races of stem rust that commonly 
occur in Canada. It is widely grown in Manitoba and to a considerable 
extent in Saskatchewan and Alberta, as well as in certain areas of Ontario 
and Quebec that are subject to damage from stem rust. Both Erban and 
Vanguard are medium early maturing varieties. As earlier maturing 
varieties are more suitable in some areas and later maturing ones in others, 
there is a need of disease resistant varieties with these characteristics. To 
meet this need, two new varieties, Ajax and Exeter, were distributed by 
the Dominion Laboratory of Cereal Breeding, Winnipeg. The purpose of 
the present paper is to give the history, description and performance of * 
these two varieties. 


HISTORY 

Ajax, R.L, 1114, C. A. N. 660, came from a cross made in 1930 at the 
Dominion Laboratory of Cereal Breeding, Winnipeg, between Victory and 
the stem rust resistant variety Hajira. Continuous plant selection was 
practised with this cross until 1936, at which time the plants had reached 
the sixth generation. Numerous lines were increased in 1937 and the most 
promising of these were given a yield test at Winnipeg in 1938. R.L. 1114 
(Ajax) was the most outstanding and was placed in the Co-operative Rod 
Row Tests in 1939. It performed exceptionally well, both in 1939 and in 
1940, and on the basis of these tests was accepted for registration in 1941. 

Exeter, R.L. 53, C. A. N. 661, came from a cross made in 1929 at the 
Dominion Laboratory of Cereal Breeding, between Victory and Rusota. 
The latter parent is one of the Green Russian selections made and named 
at the North Dakota Experiment Station and is resistant to the common 
races of stem ryj|L Each stem rust resistant line of this cross was bulked 
separately in thet's and given a yield test for three years. Selections were 
then made from the highest yielding ones and a number of them were 

> Contribution, number 131, from the Cereal Division, Experimental Farms Service, Department of 
Agriculture, Ottawa, Canada. 

Paper read before the Western Canadian Society of Agronomy at Saskatoon. Sask., June 22 and 23,1944. 

* Senior Assistant Agricultural Scientist. 
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placed in a rod row test at Winnipeg in 1937. A few of the most promising 
lines were placed in the Co-operative Rod Row Tests in 1938 and R.L. 53 
(Exeter) which was one of the highest yielding lines in these tests was 
accepted for registration in 1941. 

DESCRIPTION 

Ajax 

This variety has a spreading type of panicle with the branches more 
acute than in many other varieties. (Figure 1.) It is comparatively short and 
compact and when viewed from certain angles in the field appears to be 



Figure 1. Panicle of Ajax oats 

partially unilateral, due to the fact that the uppermost spikelets tend to 
form in a cluster. The kernels are white and medium in size with the awns 
fairly numerous. The number of veins on the glumes range from 7 to 11, 9 
being the predominating number, ’ he nodes are glabrous and according to 
Ridgway’s Colour Standard^ the under side of the leaves are classified as 
Varley Green and the upper side as Deep Dull Yellow Green. It is an 
early maturing variety, a week to ten days earlier than Victory, and has 
good length and strength of straw. Because of its strength it is a suitable 
variety for sowing on summerfallow, but under conditions of rank growth 
some lodging is to be expected. To offset this, heavier rates of seeding, 
2^ to 3 bushels per acre, are recommended for summerfallow. In disease 
reaction it is resistant to the common races of stem rust, being similar to 


* Ridgway. Robert. Colour standards and colour nomenclature* 43 pp. Hoen .& Co.. Baltimore. 1912. 
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Vanguard and Exeter in this respect, but differs from these varieties in 
that it is more susceptible to the less prevalent ones. It is moderately 
resistant to crown rust in the mature stage, and has quite a high degree of 
resistance to loose and covered smut, and to halo-blight. 

Exeter 

This variety has a spreading type of panicle somewhat similar to 
Victory. (Figure 2.) It has fewer awns than Ajax and the number of veins in 
the glumes range from 9 to 11, with the greater majority of them having 9 
veins. The kernels are white and although they are not quite as large as 



Figure 2. Panicle of Exeter oats 

those of Victory, they resemble that variety in shape and plumpness. 
The ncxles are glabrous and the colour of the leaves is identical with that 
of Ajax. It is a medium late maturing variety, being approximately two 
days earlier and two inches shorter in the straw than Victory. Exeter is 
similar to Victory in strength of straw, but since it is not considered to be 
a strong-strawed variety it will not stand up on fallow as well as stronger 
varieties such as Ajax. In general, it is recommended for those areas 
where stem rusjj^ likely to occur and where the later maturing varieties are 
better adapted. It is resistant to the common races of stem rust and has 
considerable resistance to halo-blight, but is susceptible to other diseases. 

DISTRIBUTION OF SEED 

The method used in distributing seed of Ajax to farmers was to supply 
members of the Canadian Seed Growers’ Association with Foundation 
Stock and to retain control of the produce by means of contracts. Orders 
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were taken for the seed and passed on to the growers most conveniently 
situated to make deliveries. Foundation Stock was distributed to seed 
growers in the winter of 1941-42 and a general distribution of 15,824 
bushels was made in the winter of 1942-43. The classification of this 
amount into seed grades and amounts distributed in each province is given 
in Table 1. 

During the season of 1943 it was estimated that between 500,000 and 
600,000 bushels of Ajax oats were produced in Western Canada. The 
indications are that the greater portion of this was used for seed in 1944. 
As a consequence the variety is very rapidly becoming of major importance 
in the oat production of Western Canada. 

Foundation Stock of Exeter oats was supplied to seed growers in the 
winter of 1941-42 in small quantities. This stock which was handled by 
three seed growers was increased to 3,50U bushels by the end of the 1943 
season and was distributed to farmers following the same plan as with 
Ajax. Table 2 gives details of the distribution. 


TaHLE 1.— NuMRER of bushels of registered, certified, and COMMERCIAL SEED OF 
Ajax distributed throughout six provinces during the winter of 1942-43 


Grade 

Provinces 

Total 

Quebec 

Ontario 

Manitoba 

Saskat¬ 

chewan 

Alberta 

British 

Columbia 

Registered 

3 

125 

5618 

4480 

471 

12 

10,709 

Certified 

— 

87 

2121 

1971* 

729 

12 

4,920 

Commercial 

— 


87 

108 

— 

— 

195 

Total 

3 

212 

7826 

6559 

1200 

24 

15,824 


♦1110 bushels were distributed by the Swift Current Experimental Station. 


Table 2.--Number of bushels (;r registered certified and commercial seed of 
Exeter distributed throughout four provinces during the winter of 1943-1944 


(bade 

Provinces 

Total 

Ontario 

Manitoba 

Saskatchewan 

Alberta 

Registered 

12 

1329 

1032 

36 

2409 

Certified 


381 1 

168 

— 

549 

Commercial 

•— 

314 1 

219 

18 1 

551 

Total 

12 

2024 I 

I 

14i9 

54 

3509 


AGRONOMIC DATA 

The agronomic data are discussed under two main headings: Con- 
trolled Plot Experiments, in which Ajax and Exeter are compared with 
other varieties in tests throughout Canada, and Performance of Ajax 
Under Farm Conditions, which summarizes the results obtained from 
questionnaires sent out to all farmers receiving seed of Ajax in 1943. 
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Controlled Plot Experiments 

These data were obtained from the annual reports, sent to the Cereal 
Division, Central Experimental Farm, Ottawa, by all the Experimental 
Farms and Stations in Canada and from annual reports at the Dominion 
Laboratory of Cereal Breeding, Winnipeg, for periods ranging from one to 
four years, as well as from reports on co-operative tests conducted by the 
Ontario Agricultural College, Guelph, in western Ontario at 33 testing 
points in 1942 and 28 in 1943. The data are given in Tables 3 and 4. 

Table 3 summarizes the general plant characteristics of Ajax and 
Exeter and certain other varieties. Since conditions vary in the different 
parts of Canada the data were classified separately for the Maritime Prov¬ 
inces, Ontario and Quebec, the Prairie Provinces, and British Columbia. 

Ajax matures approximately 10 days earlier than Victory in the 
Maritime Provinces and British Columbia and about 7 days earlier in 
other parts of Canada. It shows good length and strength of straw in all 
areas, and is comparatively high in bushel weight except in the Maritime 
Provinces where it is considerably lower than Exeter or Victory, but equal 
to Erban. It is lower in hull content in the Prairie Provinces than in 
Ontario and Quebec, but the data for the former are for more than one year 
at a number of stations, whereas those for the latter are for one year at Len- 
noxville. In disease reaction it is resistant to the common races of stem rust, 
moderately resistant to crown rust, and has a fairly high degree of resistance 
to both smuts, and to halo-blight. 

Exeter is 2 to 3 days earlier maturing than Victory in most areas and 
although the data for British Columbia indicate that Exeter is a week 
earlier than Victory, the difference between the two varieties is the same 
at Agassiz as in other parts of Canada, whereas at Saanich ton, it is 12 days 
earlier than Victory over a 3-year period. Exeter has a slightly shorter 
straw than Victory and except in the Prairie Provinces it appears to be 
shorter than Ajax. It is quite similar to Victory in strength of straw, but 
slightly lower than that variety in bushel weight and weight per one 
thousand kernels. It is resistant to the common races of stem rust and 
moderately resistant to halo-blight, but is susceptible to crown rust, and 
although it is classed as a smut susceptible variety, it is less susceptible 
than Vanguard. 

Table 4 gives the yields of Ajax and Exeter in comparison with other 
varieties in tests conducted by the Dominion Experimental Farms and 
Stations in Eastern and Western Canada and in co-operative tests con¬ 
ducted by the Ontario Agricultural College in western Ontario for periods 
ranging from one to four years. 

In Eastern Canada Ajax yielded well in comparison with other varieties 
at all stations with the exception of Charlottetown and L’Assomption, 
while at Ste. iftne de la Pocatiere, Roxton was higher yielding than Ajax 
on clay land but lower yielding on sandy land over a 3-year period. Exeter, 
although it was not tested at all stations, yielded well in the Maritime 
Provinces and at Lennoxville. 

In Western Canada Ajax yielded particularly well at Winnipeg, 
Morden, Brandon, and Scott, and although it produced lower yields than 
some of the later maturing varieties at all of the other stations, it yielded 
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well in comparison with other early maturing varieties. Although Exeter 
was lower yielding than Ajax at the three stations in Manitoba, it was 
higher yielding than the other varieties in the tests. In Saskatchewan it 
was the highest yielding variety at three stations and yielded equally as 
well as Ajax at Scott, while in Alberta it was the highest yielding variety 
on the average for two years at Lacombe and yielded comparatively well 
at the other three stations. In British Columbia it produced high yields 
at Agassiz and Prince George, but it does not appear to be suited to the 
conditions at Saanichton where the earlier maturing varieties appear to be 
better adapted. 

Performance of Ajax Under Farm Conditions 

Questionnaires were sent out to all those receiving seed of Ajax in 
1943. One thousand and fifty were returned, 490 from Manitoba, 425 
from Saskatchewan, 114 from Alberta, 21 from western Ontario, and 2 from 
Armstrong in British Columbia. The information received was summarized 
by provinces with each of the three prairie provinces being roughly divided 
into northern, central, and southern zones. The data for the prairie 
provinces and western Ontario are given in Table 5 and are discussed under 
the following headings: Suitability for Area, Strength of Straw, Yield, 
Time of Maturity, Stem Rust Reaction, Shattering, Feed Value of Straw, 
and Suggested Improvements. 

The information received from British Columbia is not included in 
Table 5 as the number of growers reporting is too few. However, one 
grower considered Ajax suitable, but preferred a larger kernel and the 
other thought that owing to its earliness it would be desirable under certain 
conditions. 

Adaptability —Ajax appears to be a widely adaptable variety as in all 
areas of each province the greater percentage of the growers considered it 
to be satisfactory for their district. A number, however, were undecided 
and a few considered it unsuitable, due mainly to its small kernel and in 
some instances on account of low yield and weakness of straw. 

Strength of Straw —In all provinces the greater percentage of growers 
observed Ajax to have a stronger straw than that of the other variety grown 
on the farm, although a number found it to be equal in strength, and a few 
weaker. In all areas of Manitboa, Vanguard was the vari(?^y most com¬ 
monly grown, along with some Victory, Banner, Anthony, Green Russian, 
and Gopher. In northern Saskatchewan, Victory appears to be the pre¬ 
dominating variety, with some Banner, Anthony, Legacy, Vanguard, 
Eagle, Gopher, and Valor. In the central and southern areas. Vanguard as 
well as some of the other above mentioned varieties, is grown to a consider¬ 
able extent. In Alberta the varieties commonly grown in all areas appear 
to be Victory, Banner, Eagle, and Legacy, while in Ontario, although only 
a few gave the name of the variety commonly grown. Vanguard was the 
only variety mentioned. 

Yield —In the majority of cases, those sending in questionnaires gave 
the yield of Ajax as well as that of the main crop. They were not 
always comparable, however, as in the majority of cases Ajax was grown 
on breaking or fallow and the main crop on second crop land, under which 
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conditions it would naturally yield comparatively well. Furthermore, as 
it was sown in lots of only 3, 6, or 9 bushels, the acreage was small. How¬ 
ever, the greater majority of the farmers considered the yield to be satis¬ 
factory with only a few finding it to be low yielding. 

Thirty-eight farmers stated that Ajax was grown under the same 
conditions as the main crop, 10 in Manitoba, 34 in Saskatchewan, and 4 in 
Alberta and although the numbers are small the results are considered to 
be of interest as well as indicative. Fifteen farmers in Ontario gave the 
yields obtained with Ajax as well as that of the main crop and although it 
is not known if they were grown under the same conditions, the results 
were also thought to be of interest. 

On the 10 farms in Manitoba in which Ajax was grown under the same 
conditions as the main crop, it yielded considerably higher than other 
varieties. On 5 of the farms they were sown on fallow and on the other 
5 farms on second crop land. In the northern and southern parts of 
Saskatchewan Ajax gave higher yields than the other varieties on the 
average for all farms, and was only lower yielding on 1 farm in each area. 
In the central area, however, there was little difference between the average 
yield of Ajax and that of the other varieties, although on 5 of the 8 farms 
it gave higher yields. The yields for Alberta are for only 4 farms, but on 
3 of them Ajax yielded considerably higher than the other varieties, while 
on the fourth farm, at Innisfail, it yielded the same as Legacy. Of the 
21 growers reporting from Ontario, which included farms in the Rainy 
River District to as far east as Bowmanville, all but 3, who were undecided, 
were satisfied with the yield of Ajax. 

In all provinces there were districts in which the growing season was 
unfavourable. In some the season was late due to spring rains and in 
others it was quite dry. Ajax apparently did well, for the most part, when 
sown late, and in the drier areas the majority thought it had more drought 
resistance than other varieties. 

Maturity —From the information received it is apparent that most 
farmers desire an early maturing oat variety, as the earliness of Ajax was 
favourably commented upon by a great many growers. Early maturing 
varieties can be harvested in many areas before the wheat harvesting 
commences and in areas subject to fall frosts they are more likely to escape 
frost damage than the later maturing ones, while in all areas, especially in 
Western Canada^ they are useful as a cleaning crop. 

Stem Rust —^Stem rust caused considerable damage to the older 
susceptible varieties in 1943 and in spite of the new race of rust that 
appeared in considerable proportions for the first time, only 11 farmers 
observed Ajax to be heavily rusted and in these cases the variety was either 
sown quite or rusted in low spots in the field; Vanguard and Anthony 

were reported to be heavily rusted under similar conditions. Quite a 
number, however, found light to medium infections of rust on Ajax, while 
a considerable number observed no rust. 

Shattering —As Ajax is a new variety little is known concerning its 
value as a combine oat; 27 farmers, however, stated that it did not shatter 
easily, while 9 thought it had a tendency to shatter. 
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Feed Value of Straw —Eleven farmers commented upon the feed value 
of Ajax straw; 5 considered it either made good sheaf feed or that the stock 
liked the straw, while 6 thought the straw to be too coarse. 

Suggested Improvements —While a number of growers reported that the 
kernel of Ajax was heavy and plump, the majority expressed a preference 
for a larger kernel. Although the majority of the farmers considered Ajax 
to be superior or at least equal to other varieties in straw strength and 
yield, it also could be improved in these respects. 

SUMMARY 

Ajax is from a cross, made in 1930, between Victory and Hajira. It 
is resistant to the common races of stem rust, moderately resistant* to 
crown rust in the mature plant stage, and has a fairly high degree of 
resistance to smut and halo-blight. It is an early maturing variety, with 
good strength of straw and a medium sized white kernel, and appears to 
be fairly widely adapted to conditions in both Eastern and Western Canada. 

Exeter is from a cross, made in 1929, between Victory and Rusota. It 
is resistant to the common races of stem rust and has considerable resistance 
to halo-blight, but it is susceptible to other diseases. It is slightly shorter 
in the straw than Victory and 2 tu 3 days earlier, except at Saanichton 
where over a 3-ycar period it was 12 days earlier. In Eastern Canada it 
yielded well in the Maritime Provinces and at Lennoxville, Quebec, while 
in Western Canada it is better suited to the central and northern regions, 
particularly in areas where stem rust is likely to occur. 
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Table 3.—Summary of agronomic data and disfase reactions of Ajax, Exeter, and 

CERTAIN other VARIETIES IN TESTS COM)UCTEl) BY THE DOMINION EXPERIMENTAL 

Farms and Stations for a period of from one to three years in 
Maritime Provinces, Ontario and Qui-:bec, the 
Prairie Provinces, and British Columbia 


Varieties 

Maturity 

Height 

Str. of 

straw 

Wt. per 
bu.' 

Wt. per 
1000 K 

Hull 

Stem 

rust 

infection 

Crown 

rust 

infection 

Smut 

infection 

Halo- 

blight 

infection 


Days 

inches 

1-10 

lb. 

gm. 

"7 

r' 

0 

% 

So 

_% _ 



Maritime Provinces 

Average of 3 years at Cliarlottetown and Fredericton, and 2 years at Nappan 


Ajax 

93.6 

n 

9.7 

35.9 

2S.2 

_ 

Trace 

17.0 


_ 

Exeter 

100.4 


9.6 

37.2 

30.6 

— 

— 

— 


— 

Victory 

103.6 


9.2 

38.6 

33.2 

— 

— 

— 


— 

Vanguard 

98.2 

KU 

9.6 

34.9 

29.8 

— 

0.0 

21.0 

— 

— 

Erban 

97.7 


9.9 

35.0 

35.2 

— 

15.0 

25.6 

— 

— 

Roxton 

104.6 

46.2 

9.2 

36.4 

34.8 

— 

— 

— 

— 

— 
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Table 3.—Summary of agronomic data and disease reactions of Ajax, Exeter, and 

CERTAIN OTHER VARIETIES IN TESTS CONDUCTED BY THE DOMINION EXPERIMENTAL 

Farms and Stations for a period of from one to three years in 
Maritime Provinces, Ontario and Quebec, the 
Prairie Provinces, and British Columbia —concluded 


Varieties 

Maturity 

Height 

Str. of 
straw 

Wt. per 
bus. 

Wt. per 
1000 K 

Hull 

Stem 

rust 

infection 

Crown 

rust 

infection 

Smut 

infection 

Halo- 

blight 

infection 


Days 

inches 

1-10 

lb. 

gm. 

% 

% 

% 

% 

% 





Ontario and Quebec 







Average of 3 years at Ottawa and 1 yeai at Lennoxville 



Ajax 

83.2 

43.2 

9.8 

34.7 

28.4 

26.0 

0.0 

4.0 



Exeter 

89.0 

39.9 

8.9 

34.4 

29.2 

— 

0.0 

20.0 

— 

— 

Banner 

91.9 

43.6 

7.9 

34.4 

31.5 

26.1 

34.2 

30.0 

— 

— 

Vanguard 

87.0 

40.7 

9.0 

34.4 

30.5 

24.3 

0.0 

13.5 

—- 

— 

Erban 

85.7 

42.6 

9.2 

34.0 

32.6 

24.1 

19.2 

5.0 

— 

— 

Roxton 

88.8 

45.2 

7.4 

36.8 

35.3 

20.8 

4.5 

4.0 

— 

— 

Dasix 

84.5 

43.3 

6.7 

34.8 

30.8 

— 

17.8 

15.0 

— 

— 

Alaska 

80.4 

42.7 

6.8 

36.5 

31.1 

— 

21.8 

17.0 

— 

— 


Prairib Provinces 

Average of 1*2 years at 5 testing points in Manitoba, 1 in Saskatchewan, and 3 in Alberta 


Ajax 


43.8 

7.4 

37.7 

26.9 

24.6 

2.5 

37.2 

9.0 

2.3 

Exeter 

105.7 

45.2 

6.5 

37.1 

26.9 

26.0 

0.8 

76.7 

31.6 

4.6 

Victory 

106.1 

47.0 

6.7 

38.5 

28.7 

27.3 

38.5 

80.0 

— 

17.6 

Vanguard 

102.4 

44.3 

7.0 

35.8 

26.7 

23.2 


71.7 

49.4 

4.4 

Erban 


43.8 

6.1 

36.2 

31.0 

— 

25.8 

58.3 

0.5 

21.7 

Roxton 


— 

— 

— 

— 

— 

23.3 

68.3 

15.4 







British Columbia 








Average of 3 years at Saanichton and 1 year at Agassiz 



Ajax 

105.5 

39.4 

10.0 

38.9 

28.9 




_ 


Exeter 

108.6 

37.6 

10.0 

37.9 

29.4 

— 


— 

— 

— 

Victory 

115.9 

41.5 

10.0 

.39.9 

31.9 

— 


— 

— 

— 

Erban 

104.2 

39.9 

9.6 

39.0 

35.4 

— 

— 

— 

— 

— 

Dasix 

105.0 

41.2 

9.9 

39.4 

30.6 

— 

— 

— 

— 

— 

Roxton 

115.7 

47.5 

10.0 

38.6 

31.2 

— 

— 

— 

— 

— 


Disease Reactions: Rusts—Maritime Provinces, average of three stations in 1943; Ontario and Quebec 
average of two years at Ottawa, one year at Lennoxville; Western Canada, average of three years at Winnipeg 
Smuts, average of loose and covered smut, for two years at Winnipeg. Halo-blight, average of two years at 
Winnipeg. 


Table 4.—Yields of Ajax and Exeter compared with other varieties in tests 
conducted by the Dominion Experimental Farms and Stations in eastern 
AND western Canada and in co-operative tests conducted in western 
Ontario by the Ontario Agricultural College for 
periods of from one to four years 


Stations 

No. of 

years 

tested 

Ajax 

Exeter 

Victory 

Banner 

Van¬ 

guard 

Erban 

Gopher 

Dasix 

1 

Alaska 

Roxton 

Charlottetown 


56.0 

65.8 

60.9 

— 

60.5 

61.7 


60.4 

59.8 

60.2 

Nappan 

2 

84.4 

87.8 

87.7 

77.0 j 

74.8 

80.0 

79.6 

— 

76.2 

81.6 

Fredericton 

3 

78.4 

80.9 

79.1 


74.2 

74.2 

— 

80.1 

— 

75.4 

St. Anne de la (a) 

3 

95.1 

_ 

_ 

90.2 

88.9 

91.7 

_ 

_ 

_ 

101.0 

Pocatiere (b) 

3 

38.0 

— 

— 

33.4 

34.7 

36.2 

— 

— 

— 

35.0 

Lennoxville 

2 

103.8 

109.6 

— 

99.2 

108.4 

— 

— 

— 

— 

— 

L*A88omption 

1 

80.5 

— 

— 

97.1 

89.0 

88.7 

— 

— 

— 

95.9 
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Table 4.—^Yields of Ajax and Exeter compared with other varieties in tests 

CONDUCTED BY THE DOMINION EXPERIMENTAL FaRMS AND STATIONS IN EASTERN 
AND WESTERN CANADA AND IN CO-OPEILATIVE TESTS CONDUCTED IN WESTERN 

Ontario by the Ontario Agricultural College for 

PERIODS of from ONE TO FOUR YEARS —cmcluded 


Stations 

No. of 

years 

tested 

Ajax 

Exeter 

Victory 

Banner 

Van¬ 

guard 

Erban 

Gopher 

Dasix 

1 

Alaska 

Roxton 

Normandin 

3 

101.d 



88.6 

90.4 

87.6 




107.1 

Makamik 

2 

53.7 

— 

— 

40.6 

— 

38.6 

— 

48.1 


— 

Ont. Agric. Coll. 

2 

54.2 

— 

— 

_ 

42.0 

42.1 


47.6 

42.9 

36.7 

Harrow 

3 

71.3 

— 

— 

— 

— 

— 

— 

68.7 

69.3 

_ 

Ottawa 

3 

62.7 

51.9 

51.1 

52.1 

53.1 

59.8 

— 

53.9 

56.4 

55.1 

Kapiiskasing 

3 

67.5 

— 

— 

— 

— 

67.4 

— 

68.3 

57.4 

— 

Fort William 

3 

107.1 

89.7 

— 

— 

93.0 

— 

— 

■— 

71.4 

— 

Winnipeg 

4 

114.0 

101.0 

88.2 

88.1 

97.5 

89.6 

96.1 

_ 

_ 


Morden 

4 

97.1 

82.6 

75.0 

— 

80.0 

— 

75.8 

— 

— 

— 

Brandon 

4 

112.2 

107.5 

105.7 

— 

100.0 


101.2 

— 

— 

— 

Indian Head 

4 

84.0 

90.5 

87.6 

_ 

82.0 

_ 

75.8 



_ 

Swift Current 

2 

79.1 

81.4 

74.8 

74.1 

80.2 

— 

73.4 

— 

— 

— 

Scott 

4 

49.4 

49.0 

43.5 

— 

43.3 

— 

44.7 

— 

— 

— 

Melfort 

4 

71.6 

82.6 

79.0 

— 

73.2 

— 

70.8 

— 

— 

- 

Lethbridge (c) 

1 

93.6 

87.4 

87.2 

— 

98.0 

110.4 

— 

92.1 

_ 

70.7 

(d) 

1 

96.0 

128.1 

115.8 

— 

102.7 

82.5 

— 

— 

— 

80.3 

Lacombc 

2 

118.0 

121.4 

118.6 

— 

104.2 

93.4 

— 

117.6 

— 

— 

Beaverlodge 

3 

75.1 

86.2 

! 89.2 

87.1 

— 

— 

— 


_ 

— 

Fort Vermilion 

1 

95.2 

95.6 

106.1 


91.5 

91.7 

90.5 

— 

— 

— 

Agassiz 

1 

52.9 

58.1 

58.7 

— 

_ 

58.1 

52.3 

52,8 

52.5 

59.9 

Smithcrs 

1 

83.9 

— 

101.6 

— 

92.3 

89.8 

87.3 

98.1 

— 

— 

Prince George 

1 

52.3 

.■58.4 

54.4 


52.7 

44.9 

46.7 

54.5 

— 

61.2 

Saanichton 

3 

65.3 

56.5 

60.1 

— 

— 

65.4 

— 

67.4 

1 

— 

54.8 


Note.— a ■■ clay land, b »» sandy land; c == dry land, d = irrigated land. 


Table S.—Summary of data in questionnaires returned by 1,050 
FARMERS GROWING AjAX IN 1943 


Area 

No. of 
question¬ 
naires 
returned 

Suitability for .area 
expressed in percentage 
of tiuestionnaiics 
reiurned 

Strength of straw in 
comparison with other 
varieties expressed in 
percentage of question- 
naiies returned 

Yield of Ajax in 
comparison with other 
varieties grown under 
similar conditions 

Suited 

Un¬ 

decided 

Nv 

suited 

Stron¬ 

ger 

Similar 

I Weaker j 

No. ot 

1 farms 

j Ajax 

Other 

varieties 


Manitoba 

Northern 

64 

95.3 

4.7 

0 

59.3 

30.5 

10.2 

1 

— 

— 

Central 

314 

84.8 

11.9 

3.3 

64.8 

24.5 

10.7 

6 

58.8 

39.7 

Southern 

112 

88.0 

12.0 

0 

68.3 

11.9 

19.8 

4 

62.S 

46.2 

Totals and 











Averages 

490 

86.9 

11.0 

2.1 

64.9 

22.4 

12.7 

10 

60.4 

42.3 
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Table 5.—Summary of data in questionnaires returned by 1,050 
FARMERS GROWING Ajax IN 1943 —cofiduded 


Area 

No. of 
question¬ 
naires 
returned 

Suitability for area 
expressed in percentage 
of questionnaires 
returned 

Strength of straw in 
comparison with other 
varieties expressed in 
percentage of questionnaires 
returnee! 

Yield of Ajax in 
comparison with other 
varieties grown under 
similar conditions 

Suited 

Un¬ 

decided 

Not 

suited 

Stron¬ 

ger 

Similar 

Weaker 

No. of 
farms 

Ajax 

1 Other 
[varieties 

! 

Saskatchkwan 

Northern 

124 

78.7 

18.0 

3.3 1 

60.2 

29.6 

10.2 

7 

67.2 

52.9 

Central 

199 

73.3 

23.1 

3.6 

59.8 

33.5 

6.7 

8 

60.9 

60.2 

Southern 

101 

82.7 

17.4 

0 

59.1 

53.3 

7.5 

9 

65.7 

54.4 

Totals and 



1 








Averages 

425 

77.1 

20.2 

2.7 

59.7 

32.3 

7.9 

24 

64.5 

55.9 






Ai.bkrta 





Peace River 

18 

70.6 

23.5 

5.9 i 

50.0 

43.8 

6.2 

_ 

_ ] 

_ 

North Central 

32 

73.4 

13.3 

13.3 

55.2 

27.6 

17.2 

2 

72.5 

63.0 

Central 

49 

86.7 

11.1 

2.2 

60.5 

31.6 

7.9 

2 

45.0 

37.5 

Southern 

15 

71.4 

7.2 

21.4 

62.5 

25.0 

12.5 

__ 

— 

~ 

Totals and 











Averages 

114 

78.3 

13.2 

8.5 

57.2 

31.9 

11.0 

4 

58.7 

50.2 






Western 

Ontario 




Totals and 








I 



Averages 

21 

85,7 

14.3 

0.0 

52.6 

36.8 

10.6 


48 

42 









AGRONOMIC AND QUALITY CHARACTERISTICS OF CARLETON 
DURUM WHEAT GROWN IN THE DURUM 
WHEAT AREA OF WESTERN CANADA^ 

R. F. Peterson* and W. O. S. Meredith^ 

Ever since durum wheat became established as a recognized com¬ 
mercial crop in Canada, Mindum has been the leading variety. It has set 
the standard of quality for durum wheats just as Marquis has done for 
hard red spring wheats. Mindum has also been outstanding agronomically, 
but has not had sufficient straw strength for all conditions and, being only 
moderately resistant to stem rust, has suffered some loss in yield and 
grade in rust years. 

The new variety, Carleton, was developed by the North Dakota 
Agricultural Experiment Station in co-operation with the Division of 
Cereal Crops and Diseases, U.S. Department of Agriculture. When 
grown in the durum wheat area of the United States, it proved to have 
stronger straw and more stem rust resistance than Mindum and seed of 
it was distributed to seed growers in that area in 1943. 

Seed of Carleton for field tests in Canada was received by the Dominion 
Laboratory of Cereal Breeding, Winnipeg, in 1941. 

The origin of Carleton is described by Smith (1). The original cross, 
Vernal Emmer X Mindum, was made in 1930 and many rust resistant 
strains were obtained but none had the good macaroni-making quality of 
Mindum. Selected strains were back-crossed with Mindum in 1933, and, 
after further selection, a second back-cross was made with Mindum in 
1936. Carleton is a derivative of this second back-cross. 

Smith (1) and Stoa (2) have outlined the characteristics of Carleton 
wheat. As compared to Mindum, Carleton is described as having more 
resistance to stem rust; stronger, coarser straw; more erect heads; shorter, 
plumper kernels; slightly later maturity; and equal semolina quality. 
Carleton has usually yielded as much as or more than Mindum under rust 
conditions and slightly less than that variety in non-rust years. In the 
northern part of North Dakota, adjacent to the durum-growing area of 
Canada, the yields of the two varieties have been similar although farther 
south Carleton has yielded relatively less. 

The present paper is concerned with a comparison of the performances 
of Mindum and Carleton wheats in the durum wheat area of W^estern 
Canada. 


FIELD TESTS 

Co-operative rod-row tests of various durum wheats including Mindum 
and Carleton have been conducted during the years 1941, 1942 and 1943 
at the Dominion Laboratory of Cereal Breeding, Winnipeg, and on 
Dominion Experimental Farms and Stations in the durum wheat area of 
Western Canada. Each year a uniform set of 16 varieties was tested in 
balanced lattice field tests. Such a test is comprised of S complete blocks 

‘Joint contribution from the Cereal Division, Experimental Farms Service. Dominion Department of 
Agriculture, and the Grain Research Laboratory, Board of Grain Commissioners for Canada. Winning. 
Published as Paper No. 130 of the Cereal Division, as Grain Research Laboratory No. 71, and as Paper No. 
233 of the Associate Committee on Grain Research. Read before the Western Canadian Society of Agronomy 
at Saskatoon. Sask.. June 22 and 23. 1944. ^ . . - . , ^ « j. «r- • . v 

> Senior Assistant Agricultural Scientist, Dominion Laboratory of Cereal Breeding. Winnipeg, Manitoba. 

» Chemist, Grain Research Laboratory. Board of Grain Commissioners for Canada, Winnipeg. 

107 





108 


SCIENTIFIC AGRICULTURE 


[Vol. 25 


each containing all 16 varieties and being subdivided into 4 incomplete 
blocks each consisting of 4 varieties. Each plot consisted of 4 rod-rows 
sown 9 inches apart, the two centre rows being used for yield determinations. 
Seed for similar field tests was sent to the North Dakota Agricultural 
Experiment Station and the tests were conducted at the sub-station at 
Langdon. All yield data were subjected to an analysis of variance. 

One exception to the above plan should be noted. The test at Winni¬ 
peg in 1943 was damaged by heavy rains flooding it in early summer, and 
two complete blocks had to be discarded. The remaining three blocks 
were treated in analysis as a randomized block test. The variation due to 
water damage, and the small number of replications resulted in a high 
experimental error for yield. 

Stem rust and leaf rust epidemics were artificially induced at Winnipeg 
but not at the other Canadian stations. 

AGRONOMIC CHARACTERISTICS 

The results of the co-operative rod-row tests and of special tests are 
given in summary form in Tables 1 and 2. 

Yield 

In interpreting the data in Table 1, it should be kept in mind that the 
yields are, on the whole, considerably higher than average farm yields and 
that the varietal and minimum significant differences are correspondingly 
augmented. 

Of the 16 yield tests conducted in Canada, all but one (Indian Head, 
1941) showed statistically significant differences between varietal mean 
yields, but only one (Indian Head, 1943) gave a significant difference 
between Mindum and Carleton, the difference being in favour of Mindum. 
As the 5% level of significance was used, such an occurrence of one statis¬ 
tically significant difference in 16 comparisons of two varieties might easily 
be expected if the two varieties were actually of equal yielding ability. It is 
of interest that considering all 16 differences, however small, Carleton led 
in yield in 9 tests and Mindum in 7. 

An examination of annual and station averages in Table 1 shows 
Mindum leading in two of the three years and at four of the six Canadian 
stations, and being 0.6 bushel above Carleton in the three-year average. 
Under average farm conditions this difference in terms of a fraction of a 
bushel would probably be reduced both because of lower yields as compared 
to experimental yields and because a portion of lodged grain harvested by 
farm machinery may be lost, whereas in the experimental field tests, 
although Mindum lodged more than Carleton, care was taken to recover 
all the grain from^ch plot. 

The yield results obtained in the three years of the tests do not appear 
to establish either of the two named varieties as being superior to the other 
in yield under the conditions of the tests. 

Maturity 

Carleton was about a day later in maturing than Mindum. As this 
difference was due mainly to. tests in Manitoba, where most of the rust 
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occurred, it is possible that the slightly earlier maturity of Mindum was 
caused, at least in part, by rust. 

Straw 

The straw of Carleton is definitely stronger and somewhat coarser 
than that of Mindum. This is true of the “neck” as well as the lower parts 
of the stem so that the head is erect, rather than nodding as in Mindum. 

Height 

Carleton averaged slightly taller than Mindum. This again was due 
to the Manitoba tests, as Mindum averaged slightly taller than Carleton 
in the Saskatchewan tests. It seems probable that the shortness of straw 
of Mindum in Manitoba was due to rust damage. 

Head Type 

Carleton has a head similar to that of Mindum with reddish brown 
glumes and awns but the awns fall off more readily. 

Kernel Type 

The kernel of Carleton is shorter, plumper, and somewhat heavier 
than that of Mindum, with a clear amber colour. The grain sample has a 
good appearance. 

Stem Rust 

Under the conditions of the tests Carleton was more resistant than 
Mindum to stem rust. The average stem rust reaction of Mindum for 
the three years, however, was quite low and would have been lower had 
the natural epidemic at Winnipeg not been supplemented with an arti¬ 
ficially-induced one. 

Leaf Rust 

Carleton and Mindum are both highly resistant to leaf rust. Carleton 
has less resistance than Mindum, but the difference appears to be of no 
practical importance as it has been evident only under severe artificially- 
induced leaf rust epidemics. 

Bunt 

Both varieties appear to be moderately susceptible. It was not 
possible to determine from this one test whether or not there is a real 
difference between the two varieties. 

Root Rot 

Both Carleton and Mindum were more resistant than most of the 
other varieties tested. The slight difference between the two was not 
statistically significant. 

Kernel Smudge 

Carleton has been consistently more susceptible than Mindum to 
kernel smudge at the various stations. 
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QUALITY 

The macaroni-making qualities of Carleton have been compared with 
those of Mindum, the standard of quality for durum wheats, by means of 
laboratory tests on comparable samples of each variety grown in Western 
Canada in each of the years 1941, 1942, and 1943. These tests were made 
on samples obtained by compositing the grain from the several stations at 
which the varieties were grown in the Co-operative Test of Durum Wheat 
Varities that is conducted annually under the direction of the Dominion 
Laboratory of Cereal Breeding, Winnipeg. In addition, semi-commercial 
and commercial tests were made on samples of each variety grown in 
Manitoba in 1943. These were composite samples representing grain 
grown at four points. 

The results of the laboratory tests, which were made in the Grain 
Research Laboratory, Board of Grain Commissioners for Canada, Winnipeg, 
are quite clear cut, as is shown in Table 3. The two varieties are similar 
in grade, protein content, ash and pigment content of the wheat, although 
Carleton tends to be somewhat higher than Mindum in bushel weight and 
1,000 kernel weight. Similarities between the varieties in semolina charac¬ 
teristics are also evident, though Carleton tends to be somewhat higher in 
semolina pigment content, which is an advantage. The best comparison 
between varieties is, however, the rating of the macaroni. Macaroni 
quality is judged by appearance; a bright, clear, yellow colour is desir¬ 
able. In this laboratory, colour determinations are also made on macaroni, 
and the results for percentage yellow are closely related to the visual placing 
of the samples. Carleton was rated higher than Mindum in each of the 
3 years, as is shown by the visual placing results in Table 3 and confirmed 
by the values for yellow colour and brightness. It is thus apparent that 
the higher '‘kernel smudge’^ infection of Carleton, as compared with 
Mindum, which was mentioned in the previous section, did not influence 
the colour of either semolina or macaroni. 

The samples prepared for the commercial tests were tested in the 
laboratories of General Mills Inc., Minneapolis, and of the Board of Grain 
Commissioners for Canada; in the semi-commercial scale plant of Pillsbury 
Flour Mills Co., Minneapolis; and under commercial conditions in the 
Winnipeg Plant of the Catelli Food Products Ltd. In all these tests 
Carleton was found to be equal or superior to Mindum in appearance of 
macaroni. Cooking tests have been made by many individuals on the 
samples prepared commercially and the consensus of opinion is that Carleton 
produced somewlfft brighter macaroni and that the two varieties do not 
differ with respect to taste of the cooked macaroni. 

There is thus ample evidence to indicate that Carleton grown in 
Western Canada is at least equal, if not slightly superior, to Mindum in 
macaroni-making quality. These results agree with those obtained in the 
United States, where tests have been made on Carleton and Mindum for 
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several years. Carleton has been found to be equal to or slightly better 
than Mindum in quality when tested in the durum-wheat growing area of 
the United States. 


SUMMARY AND CONCLUSIONS 

Field tests of durum wheat varieties including the new variety, 
Carleton, and the standard variety, Mindum, were conducted in the durum 
wheat area of Western Canada at 5 stations in 1941 and 1942, and at 6 
stations in 1943, making a total of 16 tests. C:arleton gave the higher 
average yield in 9 tests and Mindum in 7, but in only one case was the 
difference statistically significant, Mindum having the higher yield. 

Comparative data were obtained bn days to ripen, strength of straw, 
height, kernel characteristics, stem rust, W‘af rust, bunt, root rot, kernel 
smudge, and on various factors contributing to macaroni-making quality. 

Carleton was distinctly superior to Alindum in strength of straw and 
in resistance to stem rust, the two characteristics in which improvement has 
been most needed, but was somewhat more susceptible to kernel smudge. 
Other differences occurred which however did not appear to be of much 
practical importance. 

The macaroni-making quality of Carleton ai)peared to be equal if not 
slightly superior to that of Mindum. 

It seems probable that Carleton will be a useful variety in some parts 
of the durum wheat area of Western Canada particularly in Manitoba 
where stem rust damage and lodging are more severe on the average than in 
Saskatchewan. More comprehensive testing and observations on repre¬ 
sentative farms will be necessary before the adaptation of Carleton to 
definite zones can be determined. 
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Table 1.—Yield in bushels per acre of Mindum and Carleton durum wheats in 

CO-OPERATIVE ROD-ROW TESTS IN THE YEARS 1941-1943, INCLUSIVE 


Crop year 

Variety 

Manitoba 

Saskatchewan 

North 

Dakota 

Mean 

all 

stations 

Mean 

Canadian 

stations 

Winni¬ 

peg 

Morden 

Brandon 

Melita 

Indian 

Head 

Swift 

Current 

Langdon 

1941 

Mindum 

36.0 

33.3 

40.1 


33.2 

3.6 

13.2 

26.6 

29.2 


Carleton 

35.6 

35.3 

40.7 


37.4 

4.0 

24.8 

29.6 

30.6 



(5.1)* 

(6.2) 

(3.6) 


(t) 

(1.8) 

(2.9) 

— 

— 

1942 

Mindum 

30.8 

73.1 

63.7 

— 

61.0 

43.5 

40.8 

52.2 

54.5 


Carleton 

35.3 

65.2 

67.3 

— 

58.5 

41.4 

42.0 

51.6 

53.5 



(7.3) 

(6.7) 

(6.3) 

— 

(7.2) 

(5.8) 

(7.6) 

— 

— 

1943 

Mindum 

30.9 

37.7 

40.8 

37.3 

39.1 

14.3 

39.7 

34.2 

33.5 


Carleton 

25.0 

34.3 

41.9 

38.8 

34.8 

14.4 

33.8 

31.8 

31.5 



(14.0) 

(4.5) 

(8.2) 

(7.3) 

(2.1) 

(7.8) 

(5.1) 

— 

— 

Three- 











year 

Mindum 

32.6 

48.0 

48.2 

__ 

44.4 

20.5 

31.2 

37.7 

39.1 

average 

Carleton 

32.0 

44.9 

50.0 

— 

43.6 

19.9 

33.5 

37.7 

38.5 


• Figures in brackets indicate minimum significant differences between varietal means at the 5% level of 
significance. 

t Varietal differences not significant, hence no minimum significant difference. 


Table 2.—Average agronomic data from the various stations in Western Canada 


Crop year | 

Variety 

Co-operative rod-row tests 

Special tests* 

Days 

to 

ripen 

Strength 
of straw 
0-10 


Stem rust 

Kernel 

smudget 

% 

Leaf 

rust 

% 

Bunt 

% 

Root 

rot 

% 

At 

% 


1941 

Mindum 

96.8 

7.6 

38.0 

26.0 



4 

■ 



Carleton 

98.1 

7.9 

39.3 


0.2 

— 

15 

H 

— 

1942 

Mindum 

113.8 

4.9 

49.8 

35.0 


6.4 

trace 

■ 

_ 


Carleton 

114.6 

6.6 

49.4 

0.4 


9.7 

15 

H 

— 

1943 

Mindum 

112.4 

5.4 

42.0 

3.4 


5.8 

0 

35 

6.4 


Carleton 

112.8 

7.1 

43.2 



8.6 

0 

47 

5.4 

Three-year 

Mindum 

107.7 

6.0 

43.3 

21.5 

4.1 

— 

2, 

_ 

_ 

average 

Carleton 

108.5 

7.2 

44.0 

0.5 

0.1 

— 

10 

— 

— 


• Data provided by members of the Dominion Laboratory of Plant Pathology, Winnipeg, as follows: 
Leaf Rust, 1941 and 1942: Margaret Newton and B. Peturson. 

Bunt: W. Poppj^ 

Root Rot: F. J. Greaney. 

t Kernel smudge percentages based on all stations in 1942 and 1943. Data provided by H. A. H. Wallace 
of the Dominion Laboratory of Plant Pathology. Winnipeg. 

t A: Stem rust readings from the station having the most rust In a given year. (Winnipeg, 1941 and 
1942; Morden, 1943). * v 

B; Average reading for all stations. 
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Table 3.—Data for wheat, semolina, and macaroni, showing comparison 
OF Mindum and Carleton 


Variety 


1941 Mindum 
Carleton 

1942 Mindum 
Carleton 

1943 Mindum 
Carleton 


Grade 

Bushel 

weight 

1,000 Ker¬ 
nel wt. 

Protein 

Ash 

Pigment 

content 


lb. 

g 

% 

% 

p.p.m. 

2 C.W. 

65.0 

37.1 

15.7 

1.59 

5.95 

2 C.W. 

66.9 

42.6 

15.7 

1.60 

5.60 

3 C.W. 

65.4 

41.9 

13.1 

1.59 

6.15 

2 C.W. 

67.0 

43.7 

13.4 

1.59 

6.10 

2 C.W. 

67.0 

40.9 

14.2 

1.55 

4.70 

2 C.W. 

67.0 

41.6 

14.3 

1.54 

5.10 




Semolina 

Yield 

Protein 

Ash 

Pigment 



% 

% 

% 

p.p.m. 

1941 

Mindum 

54 0 

14.7 

0.64 

4.90 


Carleton 

55.5 

i4.7 

0.59 

4.90 

1942 

Mindum 

53.4 

12.4 

0.59 

4.55 


Carleton 

55.5 

12.2 

0.54 

4.90 

1943 

Mindum 

53.8 

13.1 

0.53 

4.25 


Carleton 

51.0 

13.1 

0.51 

4.95 


Pigment 


Macaroni 
Colour (luality 


Yellow 

% 


Mindum 

Carleton 

Mindum 

Carleton 

Mindum 

Carleton 


y 

White 

Bright¬ 

ness 

Visual 

placing 

% 



26.3 

57.0 

2 

28.1 

60.5 

1 

35.2 

64.0 

2 

29.4 

73 0 

1 

22.8 

50.5 

2 

21.0 

57.0 

1 
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A UNIFORM METHOD OF ANALYSIS FOR SQUARE 
LATTICE EXPERIMENTS' 

C. H. Gouldkn* 

Dominion Laboratory of Cereal Breeding, Winnipeg 

Among incomplete block experimental designs for the testing of a 
large number of varieties the square lattice is one of the most useful. 
Three square lattice designs are in common use. These are the simple 
lattice, the triple lattice, and the balanced lattice. Methods of analysis 
for these have been given by various writers in addition to ^"ates (2,3,4,5,6) 
who was responsible for their development. It does not appear to be 
generally recognized that there are other types such as the quadruple 
lattice that are possible in this series and that a uniform method of analysis 
may be used for the entire series of square lattice designs beginning with 
the simple lattice and ending wdth the balanced lattice whenever the latter 
is possible wdth a given number of varieties. The purpose of this paper 
is to present such a uniform method of analysis and to point out the uses 
for types such as the quadruple and quintuple lattice. Recently, the 
author has received the unpublished manuscript of Kxperimenlal Designs 
by VV. G. Cochran and Gertrude M. Cox in which similar methods are 
outlined. 


FUNDAMENTALS OF THE SQUARE LATTICE DESIGN 

Numbers representing the varieties to be tested in a square lattice 
experiment can be set up in the form of a square and it is convenient to 
use two figure numbers in which the first digit represents the row of the 
square and the second digit the column of the sejuare. Thus for varieties 
w’^e w'ill have a square as follows. This square can be used as a starting 
point for a description of all square lattice designs. 


11 

12 

13 . . 

. . \p 

21 

22 

23 . . 

. . ip 

p\ 

pi 

^>3 . . 

. . PP 


The Simple Lattice 

In the first replicate we place the varieties together in blocks that 
occur in. the rows of the square, and in the second replicate those that 
occur in the columns. We require therefore a minimum of 2 replicates. 
If more are desired the same arrangement is repeated as many times as 
is necessary in order to obtain sufficient accuracy. The replicates in wffiich 

iTTper read before the Western Canadian Society of Agronomy at Saskatoon. Sask.. June 22 and 23. 

1944. 

> Officer in Charge. 
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the blocks are made up from the rows of the square can be referred to con¬ 
veniently as the A group and those from the columns as the B" group. 
The arrangement in the field is to keep all the blocks of one replicate in as 
compact a form as possible but to randomize the positions of the blocks 
within the replicates and of the varieties within the blocks. 

The Triple Lattice 

This is similar to the simple lattice except that a third group is added 
by making up the blocks from the varieties that occur in the diagonals of 
the square. For example, with 25 varieties the original square is as follows 
together with another square in which the varieties in the rows occur in 
the diagonals of the original square. 

Square in which Rows 

Original Square are formed from 

Diagonals of Original 


11 

12 

13 

14 

15 

11 

22 

33 

44 

55 

21 

22 

23 

24 

25 

21 

32 

43 

54 

15 

31 

32 

33 

34 

35 

31 

42 

53 

14 

25 

41 

42 

43 

44 

45 

41 

52 

13 

24 

35 

51 

52 

53 

54 

55 

51 

12 

23 

34 

45 


The third group may be referred to as group C. The minimum number of 
replicates is 3 but by repeating all 3 gioups we can have 6, 9, or 12 replicates, 
or any other multiple of 3. As in the simple lattice the replications are 
arranged as compactly as possible and the blocks randomized within the 
replicates and the varieties within the blocks. 

The Quadruple and Other Partially Balanced Square Lattice Designs 

It will be obvious to the reader that a quadruple lattice will result 
merely from forming another group of blocks, and provided that the 
orthogonal groups can be formed the seiies can be continued. However, 
there are some complications and restrictions in the foiming of further 
groups. In the first place, for certain numbers of varieties such as 36, it is 
impossible to form more than 3 groups that are orthogonal to each other. 
On examining groups A, B, and C of a triple lattice it will be noted that the 
varieties making up any one block are such that one variety is taken from 
each block in another group. For example, in group C the first row is 
11, 22, 33, 44, 55. The first figure of the 2-digit numbers shows that each 
variety comes from a different row of the original square, and the second 
figure shows that each variety comes from a different column of the original 
square. This is what is meant when we say that any one group is ortho¬ 
gonal to all of thrffother groups. The meaning in terms of the analysis is 
that the variation in the results for any one group of blocks is independent 
of the variation in any other group of blocks. 

In the second place, the mechanical method we have used for the 
formation of group C for the triple lattice can be carried forward for the 
formation of futher groups only if the number of varieties is the square of 
a prime number. It can be used therefore for 25, 49, and 121 varieties 
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but not for 64, 81, or 100. When the number of varieties is the square 
of a prime number the method is to write the numbers in the rows of the 
square for group D that occur in the diagonals of the square for group C. 
Group E can then be written from the square for group D in a similar 
manner. We can continue until we have written out p 1 groups. No 
further orthogonal groups can be obtained. However, if we use p + 1 
groups our design becomes a Balanced Lattice and posvsesses properties 
which justify our placing it in a reparate class. If the number of varieties 
is not the square of a prime number such as 64, 81, or 100, we must make 
use of a device known as a completely orthogonalized square for writing 
out groups other than the first two that we have designated by the letters 
A and B. A completely orthogonalized 4X4 square is given below which 
will be used to illustrate the method of ^-riting out the groups for 16 
varieties. 


Completely Orthogonalized 4X4 Square 

111 234 342 423 

222 143 431 314 

333 412 124 241 

444 321 213 132 

We note first that for a 4 X 4 square the A and B groups can be written 
out from the rows and columns of the square without difficulty. The figures 
in the orthogonalized square are given therefore for groups C, D, and|E 
only. The first digit in each 3-figure number gives us group C as follows. 
If the orthogonalized square were superimpovsed on the square of variety 
numbers the figure 1 would correspond to varieties 11, 22, 33, 44. This 
would be the first row of the square for group C. The figure 2 would 
correspond with the varieties 21, 12, 43, 34, and this would be the second 
row of the square. Finally we would have the square for group C as 
follows: 


11 

22 

33 

44 

21 

12 

43 

34 

31 

42 

13 

24 

41 

32 

23 

14 


The second digit in the 3-figure numbers would be used in a similar manner 
in order to obtain group D, and the third digit to obtain group E. A 
complete set of the orthogonalized squares so far available are given in 
Statistical Tables by R. A. Fisher and h. Yates (1). 

The Balanced Lattice 

The method of laying out a balanced lattice experiment will be obvious 
from the above discussion. We should be careful to note however, that 
although a partially balanced lattice can be designed with any number of 
replicates greater than 1, the number of replicates required in order to 
obtain complete balance is /> + 1. Thus for 64 varieties we require 9 
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replications in order to obtain complete balance. This characteristic con¬ 
fines the use of the balanced lattice to rather narrow limits. It is ideal 
for 25 varieties as ordinarily the experimenter will wish to use about 6 
replications. It is also satisfactory for 49 varieties if the material is suffi¬ 
ciently variable to require the use of 8 replications. The advantaj^es of 
the balanced lattice are that all comparisons between varieties are made 
with equal accuracy and the method of analysis is somewhat simpler than 
for the partially balanced lattice. In the latter, varieties that occur 
together in the same block are compared somewhat more accurately than 
thovse that do not occur together in the same block. This difference is 
greatest in the simple lattice and decreases with the number of groups 
used. Even for the simple lattice however, the difference in the accuracy 
of the comparison of varieties in the same and in different blocks is not 
great enough to be of much concern. The appropriate standard errors 
for each type of comparison can be worked out if necessary but in general 
it is satisfactory to use a mean standard error which can be applied to all 
comparisons without appreciable error. The greater simplicity of the 
analysis of the balanced lattice designs is not an important factor as the 
additional time required is quite small and is negligible in proportion to 
the total amount of time spent in operating the experiment. 

METHODS OF ANALYSIS-SQUARE LATTICE EXPERIMENTS 
The Partially Balanced Lattice 

Although different methods of analysis are usually presented for 
simple and triple lattice experiments, the following methods will be found 
to apply to any type of partially balanced lattice and with a few simpli¬ 
fications will also apply to the balanced lattice. 

The analysis of the results of a lattice experiment should be kept in 
mind when the field plans are made. All information relevant to the 
design should either be entered in the field record or should be kept on file 
where it will be readily available. As an illustration of the method we 
shall use the actual results from a quadruple lattice with 25 varieties in 
4 replications. The method used can be adapted easily to an example such 
as a simple lattice with 4 or 6 replications by the introduction of certain 
modifications that will be described. 

A useful first step in the analysis of an incomplete block experiment 
of the lattice type is to make a preliminary analysis of variance assuming 
that the test has been laid out in randomized blocks. This does not result 
in an appreciable loss of time as all the sums of squares will be required 
in the more complete analysis. If the preliminary analysis shows that the 
variety differences are significant it will not be necessary to make the more 
accurate test described later, as the significance of these differences will 
either be increas ^ or will remain at the same level when the error control 
due to the blocks has been taken into consideration. 

The next step in the analysis is to collect the individual plot yields as 
in Table 1, re-arranging the variety numbers in a systematic manner 
corresponding to the squares as originally written out for the groups A, 
B, C, and D, and writing down the total of each block represented by b. 
Space is left for entering the values designated by y and y — rb, where r 
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is the number of replications. The varie<^y totals where v represents a 
variety number, are then obtained and preferably set up in the form of 
a square as in Table 2, as this will facilitate the determination of the 
values of y to be entered in Table 1. The first value of y in Table 1 is 
575.5 which is the sum of the totals of the varieties that appear in that 
block. This is the first row total of Table 2. The remaining values of y 
in replicate 1 are the remaining row totals oi Table 2. In replicate 2 the 
y’s are the column totals of Table 2. In replicate 3 we get y from the 
diagonal totals of Table 2 taking the first diagonal as the one beginning 
with variety 11.‘ To get y for replicate 4 we can either re-write the variety 
totals in the diagonals of Table 2 in the rows of a new table and then take 
the diagonal totals from this table, or we can merely sum the variety totals 
as indicated by the variety numbers in the corresponding block. For 
example, in the first block of group D we sum the totals of varieties 11, 32, 
53, 24, and 45, and so forth for any other block. This method is emphasized 
because in an experiment made up from an orthogoiialized square for which 
the number of varieties is not the square of a prime number, it is the only 
method of obtaining the values of y for all replicates except those containing 
groups A and B for which y can always be taken from the rows and columns 
of the square of variety totals. 


The procedure described above lor obtaining values of y and the 
block totals b is the same for all partially balanced lattice designs regardless 
of the number of groups. It is merely a matter of obtaining the block 
totals and placing opposite each block total the sum of the totals of the 
varieties occurring in that block. 


In the next stage of the calculations we obtain an analysis of variance 
in which the variance for blocks is determined in such a way that the 
effect of varieties is eliminated. Obviously, the variance of the block 
totals without correction will not represent pure block effect as the varieties 
that occur in them are not all the same. In order to obtain the corrected 
block sum of squares there are two procedures that can be fcMlowed. The 
first is to calculate the sum of squares within replicates for the values of 
y — rby where r represents the number of groups and the number of repli¬ 
cates in the experiment. If we repre^^ent 2(y — rb) for one replicate by 
5, the required sum of squares will be 


Blocks (SS) 


SCy - rby _2: (5^) 

pr{r - i) p’^r[r — \) 


1 


A second method is to first calculate for each variety the values that 
we shall represent by Wv . These vill be required later in making the 
corrections to the variety totals. For any one variety 

W, = 2(y. - rb,) 2 

where the summation extends over the r replicates or groups and the sub¬ 
scripts for y and b indicate that in each replicate we take the value of 
y — fb that corresponds to a given variety i^. As an example we have 
from Table 1 

1^23 = - 173.9 - 153.2 + 262.4 + 63.0 = - 1.7 
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The sum of squares for blocks eliminating varieties is then given by 

Blocks (SS) = 3 

In choosing between the two methods of obtaining the block sums of 
squares we should note that the volume of work will depend on the number 
of values to be squared and the number of operations to be performed, 
formula 1 requires that we square r(p + 1) values, perform 2 divisions and 
1 subtraction. For formula 2 we have to square values but there is 
only 1 division and no subtractions. The second method is the most 
straightforward and is recommended for all cases except where r is small 
in proportion to It has the additional advantage that it is the same 
procedure as is followed for obtaining the block sum of squares in analysing 
a balanced lattice. 

The sums of squares for replicates, varieties, and total are taken from 
the preliminary analysis. The sum of squares for intrablock error is then 
obtained by the subtraction of replicates, blocks and varieties from the 
total. We can now set up an analysis of variance according to the following 


scheme. 

DF Mean Square 

Replicates 

r - 1 


Blocks, eliminating Varieties 

r(p - 1) 

B 

Varieties 

- 1 


Intrablock error 

(p - l)irp - p - 1) 

E 

Total 

rp^ - 1 



From the above analysis we note the relative values of B and E. If 
B is not greater than E we can assume that error control by means of the 
blocks has not been efficient and we will discard the more elaborate analysis 
and carry on as if the experiment had been laid out in randomized blocks. 
This occurs only in exceptional cases. If B is smaller than E it is justifiable 
to assume ^hat the situation is the same as if B is equal to E, although if 
there is a considerable discrepancy in this direction one would be inclined 
to look for errors, either in the computations or in the handling of the 
experiment. Generally, we find that B is at least 2 or 3 times as great as E 
and we proceed as .follows, to obtain the corrected variety means and the 
standard error of differences between two variety mean^. The first step 
is to calculate the coefficient X as follows 


X = 


t^ 


B - E 
B 


Then a corrects variety total is 


rtv 



W. 


4 


S 


As pointed out above, in a partially balanced experiment, all com¬ 
parisons are not made with equal precision; that is, varieties that occur in 
the same block will be tested more accurately than varieties that do not 
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occur in the same block. For varieties occurring in the same block the 
variance of a difference between two means is 


K 




1 + 


B - E 
pB 




p 


For varieties not occurring in the same block the variance is 


pB 




6 


7 


A mean variance for all comparisons which can be used without appreciable 
error is 


Vn 




+ 




B - E 
(p +l)Bf r 


1 + 


rp 


iP + UC?" 


^(i)l 


Finally, if it is considered sufficiently important, the variety sum of 
squares can be adjusted in order to obtaui a variety variance which can be 
tested against the intrablock error. We first calculate the block variance 
without adjusting for the effect of varieties. In other words this is cal¬ 
culated directly from the block totals. Representing this sum of squares 
by Bu and the block sum of squares as calculated above after eliminating 
the effect of varieties by Ba , the adjustment to the variety sum of squares 
is given by 


The minus sign indicates that the quantity obtained by this formula is 
subtracted from the variety sum of squares obtained directly from the 
variety totals. The resulting sum of squares will yield a variety variance 
that can be tested directly against the intrablock error. 


Repetition of Groups in Partially Balanced Lattice Experiments 

A design very frequently used is the simple or triple lattice in which 
the groups are repeated in order to obtain the necessary number of replica¬ 
tions. For 6 replications the groups of a simple lattice must be repeated 
3 times and in a triple lattice they must be repeated twice. In order to 
analyze such experiments our methods must be modified slightly. 

The main difference in method is in the calculation of the sum of 
squares for blocks from which the effect of varieties has been eliminated. 
For example, if we have a simple lattice in which there are 3 replicates of 
each group, the Vilock totals can be set up as in the following diagram. 

Block Repetitions Block Pepefitions 

12 3 12 3 

Group A 1 — — — Group B 1 — — — 



P 


P 
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Thus block 1 of Group A is repeated 3 times and from the differences 
among such blocks we can obtain an estimate of the block effect directly 
without adjusting for the effect of varieties, which if there are n repetitions, 
will be represented in each group by (w — !)(/> — 1) DF, and in an experi¬ 
ment with k groups by a total of k{n — 1)(/) — 1) DF, Since r (number 
of replicates) = kn, this simplifies to (r — ^) (/> — 1) fpr the general case. 
The method of obtaining the sum of squares will be obvious to anyone 
familiar with the elements of the analysis of variance. It is exactly similar 
to the procedure for calculating the sum of squares for an interaction in 
2 L p X n fold table. 

The analysis of variance for a partially balanced lattice experiment 
with repetitions of the groups will be of the following form. It will be noted 

Form of Analysis of Variance Where Groups are Repeated 


Replicates 

Blocks 


Varieties 


r - 1 
r{p - 1) 


{r — k){p — 1) Component a 
k{p — 1) Component b 


Intrablock error (p — l)(rp — p — 1) E 

Total — 1 

that the sum of squares for blocks is divided into components a and b 
where a represents the component that is obtained directly as described 
above. Component b is determined in the same manner as in an experiment 
that is not repeated after the totals for similar blocks have been combined. 
This means that the formula for the sum of squares corresponding to 3 
above is 


Component b = 


r{k - l)p^ 


where Wv is as in formula 2 except that bv is a total of similar blocks within 
a group. 

In determining the value of X we should note that the fundamental 
formula is " 


X = (* - 1) 


where 


{k — l)w + w' 




t - 1 
rB - E 


Substituting for w and in 11 we get the formula for X when the groups 
are repeated, in a form which is more suitable for calculation. 


X = (ft - 1) 


r{B - E) 

r(Jt - \)B + (f - k)E 
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The equation for the corrections to the variety totals will be essentially 
the same as 5. Thus, a corrected total is given by 



Finally, the variances for differences between means of varieties can 
be determined by using formulas 6, 7, and P, with the exception that r is 
substituted for k outside the main bracket but not inside the bracket. 

One characteristic of experiments with repeated groups is that if there 
are sufficient degrees of freedom available for the estimate of B from com¬ 
ponent a alone, it is unnecessary to determine component b. We will 
then have 


w 


1 

E 



IS 


where B represents component a. Further 

\ = (fe - 1)(^ - E) 
{k - \) B R 


16 


In general it can be taken that a simple lattice with 6 replications or a 
triple lattice with 9 replications is sufficiently large to justify using com¬ 
ponent a only in order to estimate the value of B, 

In order to make the more accurate test of the variety differences we 
calculate the adjustment to the variety sum of .squares as follows. 


Adjustment = — X | | “■ Ba 17 


Where Bn is the unadjusted sum of squares calculated from the totals by 
groups of similar blocks and Ba is component b. 


The Balanced Lattice 

The method of analysis is similar to that for the partially balanced 
lattice with certain simplifications. In the first place the values of y 
are more easily computed. F'or any one variety, yx, can be equated to 
+ G, where G is the grand total of the experiment. Therefore is 
given by 

Wv = pTv + G - rK 18 


In the second place, since all comparivsons are made with equal precision, 
there will be only one variance for differences between means of varieties, 
which is given by formula 6. 

A third simplification arises in making the F test of the adjusted variety 
variance. The sum of squares for varieties adjusted for blocks is given by 


Adjusted variety (SS) 


r 


G^ 

rp^ 



19 


In other words we determine the sum of squaires of the corrected variety 
totals and divide by 1 + X//>- 
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Example 1, Quadruple Lattice—Partially Balanced Lattice with 4 Groups. 

In this example 

V (number of varieties) — = 25 

r (number of replications) = k (number of groups) = 4 
The procedure can be carried out In steps as enumerated below. 

1. Individual plot yields are taken directly from the field records and 
entered in Table 1. Note that the variety numbers are arranged in system¬ 
atic order in accordance with the original squares of variety numbers that 
were written out before the test was randomized. The systematic order 
is not essential but is a convenience in calculation. If a preliminary test 
of the variety variance is to be made we would proceed directly to a deter¬ 
mination of the variety totals as in step 3 below. 

2. Determine block totals and enter in Table 1. These are indicated 
by b. 

3. Obtain variety totals from Table 1 and enter them in the form of 
a square as in Table 2. Determine row and column totals of this table. 

4. Enter values of y in Table 1 and calculate y — rh for each block. 
In replicate 1 the required values of y are the row totals of Table 2, and in 
replicate 2 they are the column totals. For the third replicate we can 
obtain y from the totals of the diagonals of Table 2, beginning with the 
variety 11 in order to obtain the first total. If Table 2 is re-written so 
that the numbers in the diagonals form the rows of the new table, the totals 
of the diagonals of this table will give y for replicate 4. With a little practice 
the required totals can be obtained from Table 2 directly without re¬ 
writing. Note that for any one block the corresponding y is the sum of 
totals of the varieties that occur in that block. Thus we can obtain y 
for any block simply by summing the required variety totals and it is not 
necessary to follow the method outlined above. 

5. Calculate Wv for each variety and enter in Table 3. For each 
variety Wv is the sum of the corresponding values of y — rb. Thus for 
variety 23 we have 

W2Z = - 173.9 - 153.2 + 262.4 + 63.0 = - 1.7 

6. Calculate the sum of squares for blocks from which the effect of 
varieties has been eliminated, using formula 2 or 3. For formula 3 we have 

r»i 1 282,806.58 

Blocks (SS) = -- = 942.689 

7. If a preliminary analysis of variance has not been carried out, 
obtain at this point the total sum of squares and the sums of squares for 
replicates and varieties, using individual yields, replicate totals, and 
variety totals. In this example. 

Repli^ (SS) - _ 0^’ = 3384.235 

Varieties (SS) = . , 664.745 

= 96,389.900 - — = 6976.940 


Total (SS) 
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The sum of squares for intrablock error can be obtained by subtraction of 
blocks, replicates, and varieties from the total. 

8. The analysis of variance can new be .set up and the values of B 
and E calculated. In this example the analysis is as follows 



ss 

DF 

MS 

Replicates 

3384.255 

3 


Blocks, eliminating varieties 

942.689 

16 

58.9181 = B 

Varieties, ignoring blocks 

1664.745 

24 


Intrablock error 

985.271 

56 

17.5941 = E 

Total 

6976.940 

99 



We note that B is considerably larger than E so we decide that the incom¬ 
plete blocks have provided reasonable error control and we proceed to 
complete the analysis. 


9. Calculate X and set up the equation for obtaining the corrected 
variety totals or corrected variety means. Here, we have 


and 


58.9181 - 17.5941 
58.9181 


0.701,380 


X _^ 0.701,380 

(r - \)p 15 


0.046,759 


Applying the equation for obtaining the corrected variety totals to variety 
12 we have 

r/i2 = 132.5 + 0.046,759 X 49.7 = 105.81 


As a check on the work it is useful to take tlu* corrected totals to at least 
2 decimal places. The total of these should then check very closely with 
the grand total as previously determined. 


10. Calculate the variances and standard errors for differences between 
means of varieties. The mean variance for such comparisons will in nearly 
all cases be sufficient but the calculation of the others is given below for 
reference 

V = 2 X 1/.59 41 0.701,38 0^ 


= 8.797,05 X 1.14028 

= 10.0311 

Fd == 8.797,05^1 +1 X 0.140,28^ 

= 10.4424 

v „ = 8.797,05(1 + ^^x0.140,28) 

= 10.1683 


The square roots of the above variances will of course give the required 
standard errors. 
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11. Finally, we can if we wish make an accurate test of the significance 
of the variety variance adjusted for the effect of blocks. This step is not 
essential in that we could make a test of the unadjusted variety variance 
as indicated in step 1 above, assuming that the experiment had been laid 
out in randomized blocks, and this test would be sufficient in most cases. 
The more accurate test however, is easily carried out and generally the 
experimenter will wish to do it in order to have his records complete. 

Following formula 9 we first calculate Bu , the unadjusted sum of 
squares for blocks. In this example 


Also 


470,421.08 2,319,929.88 

5 25 


1287.021 


rB _ 4 X 58.9181 

rB - E 4 X 58.9181 - 17.5941 


1.080,678 


The adjustment to the variety sum of squares is then 


- 0.701,380 {(1.080,678 X 1287.021) - 942.689} = - 314.335 

Subtracting 314.335 from 1664.745 we have 1350.41 and the adjusted 
variety variance is 1350.41/24 = 56.267, and F = 56.267/17.5941 = 
3.20, which can be compared with a 5% point of 1.72 for 24 and 56 degrees 
of freedom. 


Example 2, Partially Balanced Lattice (Simple) with Groups Repeated 
Number of varieties (u) = = 16 

Number of groups (k) = 2 
Number of replications (r) = 2k = 4 

The procedure of the analysis can be carried out in steps comparable with 
those of Example 1, which should be worked out before attempting 
Example 2. 

1. The individual plot yields are taken directly from the field records 
and entered in Table 4. This table is comparable to Table 1 but note that 
replicates 1 and 3 belong to the same group and the yields by varieties and 
blocks are combined in the column headed group A. Similarly, the results 
for replicates 2 and 4 are combined in the column headed group B. After 
completing Table 4 we can if we wish obtain the variety totals as in 3 
below and make the preliminary analysis assuming that the test has been 
laid out in randomized blocks. 

2. Obtain all block totals and corresponding totals by groups which 
are represented by b. The differences between the totals of corresponding 
blocks should alsci be entered in Table 4 at this stage. These are to be 
used later in the calculation of component a for blocks. 

3. Determine variety totals and enter in the form of a square as in 
Table 5, and obtain row and column totals. 

4. Enter the values of y in Table 4. In group A these are the row 
totals of Table 5, and in group B they are the column totals. Note that 
1558.8 in block 1 of group A is the sum of the totals for the varieties that 
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occur in that block. C onsequently, regardless of the number of groups in 
the experirnent y can be obtained by summing the totals for the varieties 
that occur in a given block. In a simple lattice y values are always given 
by the row and column totals of Table .S, and in a triple lattice by the totals 
of the rows, columns, and diagonals. After entering y we determine the 
required values y ~ kb and enter them immediately below. 

S. Calculate Wv for each variety and enter in Table 6. For each 
variety Wv is the sum of the corresponding values of y — kb. Thus for 
variety 32 we have 

Wz2 = 76.4 + 65.9 = 142.3 


6. Calculate the sums c)f squares for blocks. It will be necessary 
to determine both component a and coiiiponent b. If the differences 
between comparable blocks are represented by d and their totals for each 
group by O, the sum of squares for component a is given in this example by 


Component a 


_ ^ 7 ^ 2 ) 

2p 2p^~' 


15,89^65 

8 


28,040.05 

32 


1111.204 


Note that if there had been more than 2 replications in each group it would 
have been necessary to calculate componant a by the method describe'^ 
on page 12. 

Component b can be calculated from formula 1 or 3. In formula 3 
the divisor is r(k — 1)^^ in place of r{r — 1)/?“. Fusing formula 3 in this 
example we have 

Component b = = 1513.025 


Combining components a and b we have 2624.23 as the sum of squares 
for blocks from which the effect of varieties has been eliminated. 

7. If a preliminary analysis has not been carried out, calculate at 
this stage the total sum of squares and the sums of squares for replicates 
and varieties, and obtain the sum of squares for intrablock error by sub¬ 
traction from the total. 


8. Set up the analysis of variance as follows and determine the values 
of B and E. 



ss 

DF 

MS 

Replicates 

882.95 

3 


Blocks, eliminating varieties 

2624.23 

12 

218.686 = B 

Varieties, ignoring blocks 

7389.88 

15 


Intrablock error 

3584.61 

33 

108.624 = E 

Total 

14,481.67 




Since B is about twice as large as E we can assume that the lattice design 
has contributed to the accuracy of the experiment and we proceed to the 
completion of the analysis. 
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9. Calculate X from formula 13 and set up the equation for obtaining 
the corrected variety totals as in formula 14. In this example 


and 


^ 2(218.686 - 108.624) 

“ 2 X 218.686+ 108.624 " 


0.403,160 


= 0.100,790 


(fe - \)p 4 

To obtain the corrected total for variety 42 

r/42 = 289.6 + 0.100,790 X 77.8 = 297.44 

10. The variances of differences between means of varieties are 


y 2 X 108.624 ^^ ^ 0.403,160 ^ 

= 54.3120 X 1.100,790 = 59.7861 

Va = 54.3120 1 1 + (|) X 0.100,790 j = 65.2602 

V„ = 54.312011 + (I) X 0.100,790j = 63.0704 


and the square roots of these give the required standard errors. 

11. In order to make an accurate test of the significance of the variety 
variance after adjustment for the effect of the blocks we calculate Bu , 
which is the unadjusted sum of squares for component b, as follows. 


(820.2)2+ (728.9)2 =_+ (790.4)2 (2985.0)2 + (3005.7)2 

8 32 


Also 


= 2893.055 

+ (r ~ 2)£ _ 4 X 218.686 + 2 X 108.624 
tB - E 4 X 218.686 - 108.624 


1.425,36 


Then the adjustment is 

- 0.403,160 {(1.425,36 X 2893.055) ~ 1513.025} = 1052.498 

and the adjusted variety sum of squares is 7389.88 — 1052.50 = 6337.38. 
The adjusted variety variance is 6337.38/15 = 422.49 and F is A22A9I 
108.62 = 3.89. 


Example 3. Balanced Lattice, In this example 
number of varieties (v) = p"^ = 25 

number of replicates (r) = /> + 1 = number of groups (Jk) = 6. 

The procedure is identical with that for partially balanced lattices without 
repetition of groups, except for a few simplifications. Enumerating the 
steps we have 

1. Individual plot yields are taken directly from the field recbrd and 
entered in Table 7. The block and replicate totals are determined and 
entered in the same table. 
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2 . Determine the variety totals from Table 7 and enter opposite the 
variety numbers in Table 8 . If we wish to make a preliminary analysis 
of variance assuming the test laid out in randomized blocks, it would be 
carried out at this stage. 

3. Calculate Wv for each variety using formula 18. Thus for variety 
24 we would have 

W 24 == 5 X 257.3 + 6245.2 6(205.7 + 212.4 + . . . 189.1) = -24.1 

4. Calculate the sum of squares for blocks from which variety effects 
have been eliminated using formula 3. 

Blocks (SS) = = 1229.29 

5. The remaining sums of squares are determined and the analysis of 
variance set up from which J3 and E are calculated. 



SS 

DI<' 

MS 

Replicates 

416.51 

5 


Blocks, eliminating varieties 

1229.29 

24 

51.220 = B 

Varieties, ignoring blocks 

2431.48 

24 


Intrablock error 

1601.46 

96 

16.682 = E 

Total 

5678.74 

149 



6 . Compute the value of X using formula 4, and set up equation 5 
for obtaining the corrected variety totals. 


and 


51.220 - 16.682 
51.220 


0.674,307 


X 

(r - 1)P 


0.674,307 

25 


0.026,972,3 


Then r /24 = 257.3 — 0.026,972,3 X 24.1 = 256.65. These are entered 
in Table 8 and from them we determine the corrected variety means. 


7. The variance of a difference between two variety means is 


V . . ^0 ^3 7) . 6^,108 

8. In order to make an accurate test of the variety variance we require 
the sum of squares of the corrected variety totals. This is divided by 
1 H- \/p, giving the adjusted sum of squares for varieties directly. 

Corrected variety 1,573,757.703 (6245.2)* ,, 

totals (SS)-6 150 - 

This is divided by 1 + which has been determined above to be 1.134,86. 
We have, 2276.13/1.134,86 = 2005.65, and the mean square is 2005.65/24 
= 83.568. Then F = 83.568/16.682 = 5.01. 
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Table 1 — Individual plot yields, block totals, and values of y and y rh quadruple 

LATTICE with 25 VARIETIES IN 4 REPLICATIONS 


Blcx:k 

no. 

Repl. 1 

Rcpl. 2 

Rcpl. 3 

Repl. 4 

Var. 

no. 

Group 

A 

Var. 

no. 

Group 

B 

Var. 

no 

Group 

C 

Var. 

no. 

Group 

D 

1 

11 

27.4 

11 

37.2 

11 

23.4 

11 

20.0 


12 

38.6 

21 

37.5 

22 

19.0 

32 

20.8 


13 

29.1 

31 

18.0 

33 

11.8 

53 

27.6 


14 

21.3 

41 

42.2 

44 

13.3 

24 

23.9 


15 

34.1 

51 

43.3 

55 

18.9 

45 

25.5 

h 


150.5 


178.2 


86.4 


117.8 

y 


575.5 


578.8 


584.4 


576.8 

y — rb 


-26.5 


-134.0 


238.8 


105.6 

2 

21 

36.6 

12 

40.9 

21 

22.5 

21 

23.8 


22 

46.1 

22 

44.2 

32 

22.7 

42 

38.5 


23 

44.7 

32 

36.7 

43 

25.0 

13 

25.4 


24 

40.6 

42 

34.8 

54 

22.3 

34 

30.1 


25 

37.3 

52 

35.8 

15 

34.0 

55 

29.8 

h 


205.3 


192.4 


126.5 


147.6 

y 


647.3 


616.3 


628.5 


597.6 

y ^ rb 


-179.3 


-153.3 


122.5 


7.2 

3 

31 

16.7 

13 

31.6 

31 

18.0 

31 

21.0 


32 

30.0 

23 

45.0 

42 

19.3 

52 

21.5 


33 

28.0 

33 

37.8 

53 

25.0 

23 

34.5 


34 

33.3 

43 

40.8 

14 

19.9 

44 

21.0 


35 

26.2 

53 

36.4 

25 

28.3 

15 

32.5 

b 


134.2 


191.6 


110.5 


130.5 

y 


516.6 


613.2 


536.4 


585.0 

y — rb 


-20.2 


-153.2 


94.4 


63.0 

4 

41 

40.1 

14 

24.4 

41 

22.7 

41 

39.2 


42 

25.6 

24 

28.0 

52 

25.0 

12 

39.9 


43 

39.7 

34 

38.6 

13 

22.4 

33 

28.4 


44 

36.4 

44 

38.8 

24 

25.4 

54 

28.2 


45 

37.3 

54 

36.0 

35 

24.4 

25 

32.7 

b 


179.1 


165.8 


119.9 


168.4 

y 


622.5 


562.0 


594.5 


640.7 

y rb 


-93.9 


-101.2 


114.9 


-32.9 

5 

51 

33.4 

15 

39.3 

51 

27.8 

' 51 

28.0 


52 

38.8 

25 

35.6 

12 

13.1 

22 

25.0 


53 

35.0 

35 

31.2 

23 

16.6 

43 

28.4 


54 

37.6 

45 

37.3 

34 

21.9 

14 

21.0 


55 

38.4 

55 

39.5 

45 

16.6 

35 

21.0 

h 


183.2 


182.9 


96.0 

imii 

123.4 

y 


628.3 


619.9 


646.4 


590.1 

y — rb 


-104.5 


-111.7 


262.4 

■ 

96.5 

Replicate 


1 



■■I 




totals 


852.3 


910.9 

■ 

539.3 

■ 

687.7 


Note—C heck calculations from 2(y — rh ) over all blocks * 0, 
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Table 2. —^Variety totals (Tv) — Quadruple Lattice 


Variety numbers 
Variety totals 

11 

108.0 

12 

132.5 

13 

108.5 

14 

86.6 

15 

139.9 

Row totals 
575.5 

Variety numbers 
Variety totals 

21 

120.4 

22 

134.3 

23 

140.8 

24 

117.9 

25 

133.9 

647.3 

Variety numbers 
Variety totals 

31 

73.7 

32 

110.2 

33 

106.0 

34 

123.9 

35 

102.8 

516.6 

Variety numbers 
Variety totals 

41 

144.2 

42 

118.2 

43 

133.9 

44 

109.5 

45 

116.7 

622.5 

Variety numbers 
Variety totals 

51 

132.5 

52 

121.1 

53 

124.0 

54 

124.1 

55 

126.6 

628.3 

Column totals 

578.8 

616.3 

613.2 

562.0 

619.9 

2990.2 = G 


Table 3. —Values by varieties of Wv , r/„ , and —quadruple lattice 


Variety 

numbers 

w. 

rlr 

tv 

11 

183.9 

116.60 

29.2 

12 

49.7 

134.82 

33.7 

13 

-57.6 

105.81 

26.4 

14 

63.2 

89.56 

22.4 

15 

47.3 

142.11 

35.5 

21 

-178.2 

112.07 

28.0 

22 

8.1 

134.68 

33.7 

23 

-1.7 

140.72 

35,2 

24 

-54.6 

115.35 

28.8 

25 

-224.1 

123.42 

30.8 

31 

3.2 

73.85 

18.5 

32 

54.6 

112.75 

28.2 

33 ! 

32.5 

107.52 

26.9 

34 

148.2 

130.83 

o2.7 

35 

79.5 

106.52 

26.6 

41 

-145.9 

137.38 

34.3 

42 

-145.6 

111.39 

27.3 

43 

-28.1 

132.59 

33.1 

44 

106.7 

114.49 

28 6 

45 

162.4 

124.29 

31.1 

51 

120.4 

138.13 ' 

34.5 

52 

-79.9 

117.36 

29.3 

53 

-57,7 

121.30 

30.3 

54 

-116.1 

118.67 

29.7 

55 

29.8 

127.99 

32.0 

Sum — 

0 

2990.2 
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Table 4. —Individual plot yields, block totals, group totals and values of y, and 
y, — rhv Simple lattice with 16 varieties in 4 replications 


Block 

Var. 

Repl. 

Repl. 

Group 

Var. 

Repl. 

Repl. 

Group 

no. 

no. 

1 

3 

A 

no. 

2 

4 

B 

1 

11 


105.0 

198.6 

11 


85.0 

161.0 


12 


97.0 

196.5 

El 


115.6 

229.1 


13 

113.3 

115.2 

228.5 



101.5 

185.9 


14 

100.8 

95.8 

196.6 

41 

87.5 

98.6 

186.1 

Totals 

m 

407.2 

413.0 

820.2 (b) 


361.4 

■BWB 

762.1 (5) 



-5.8 (d) 

1558.8 (y) 


-39.3 id) 

1529.2 (y) 


H 



-81.6 (y - kb) 




1 

o 

lO 

2 

21 

109.0 

102.7 

211.7 

12 

98.1 

78.2 

176.3 


22 

90.6 

95.3 

185.9 

22 

78.2 

83.1 

161.3 


23 

79.4 

106.6 

186.0 

32 

93.0 

93.6 

186.6 


24 


72.3 

145.3 

42 

48.8 

73.7 

122.5 

Totals 

■ 

352.0 

376.9 

728.9 (b) 


318.1 

328.6 

646.7 ib) 



-24.9 (d) 

1471.8 (y) 


-10.5 id) 

1359.3 (y) 


■ 



14.0 (y - kb) 




65.9 (y — kb) 

3 

B 

76.1 

105.0 

181.1 

13 

113.1 

102.5 

215.6 



61.6 

101.5 

163.1 

23 

75.9 

91.7 

167.6 


33 

80.6 

93.0 

173.6 

33 

104.5 

78.2 

182.7 


34 

88.5 

103.3 

191.8 

43 

129.7 

110.9 

240.6 

Totals 

wm 

306.8 

402.8 

709.6 (b) 


423.2 

383.3 

806.5 ib) 



-96.0 (d) 

1495.6 (y) 


39.9 id) 

1606.1 (y) 


B 



76.4 (y - kb) 




-6.9 (y - kb) 

4 

41 

89.6 

86.1 

175.7 


71.6 

114.1 

185.7 


42 

76.4 

90.7 

167.1 

24 

92.5 

92.4 

184.9 


43 

100.6 

110.9 

211.5 

34 

117.8 

113.0 

230.8 


44 


91.8 

172.0 

44 

92.6 

96.4 

189.0 

Totals 

m 

346.8 

379.5 

726.3 (b) 


374.5 

415.9 

790.4 (6) 



-32.7 id) 

1464.5 (y) 


-41 

.4 id) 

1496.1 (y) 


B 



11.9 (y - kb)\ 




-87.7 (y - kb) 

Replicate Totals 


1412.8 

1572.2 

2985.0 


1477.2 

1528.5 

3005.7 

and Group 


-159.4 (D) 

5990.7 ( 2 y) 


-51.3 (D) 

5990.7 (2y)-*G 

Totals 




20.7 (5) 




-20.7 iS) 


Table 5. —Variety totals (Tv). Simple lattice with 16 varieties in 4 replications 


Variety numbers 

11 

12 

13 

14 ' 

Row totals 

Variety totals 

359.6 

372.8 

444.1 

382.3 

1558.8 

Variety numbers 

Variety totals 

21 

440.8 

22 

347.2 

23 

353.6 

24 

330.2 

1471.8 

Variety numbers 

Variety totals 

31 

367.0 

32 

349.7 

33 

356.3 

34 

422.6 

1495.5 

Variety numbers 

Variety totals 

41 

361.8 

42 

289.6 

43 

452.1 

44 

361.0 

1464.5 

Column totals 

1529.2 

1359.3 

1606.1 

1496.1 

5990.7 
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Table 6—^Values by varieties of Wv, rtv, and . Simple lattice with 
16 varieties in 4 replications 


Variety 

Numbers 

w. 

rt„ 

tr, 

11 

-76.6 

351.88 

88.0 

12 

-15.7 

371.22 

92.8 

13 

-88.5 

435.18 

108.8 

14 

-166.3 

365.54 

91.4 

21 

19.0 

442.72 

110.7 

22 

79.9 

355.25 

88.8 

23 

7.1 

354.32 

88.6 

24 

-70.7 

323 07 

80.8 

31 

81.4 

375.20 

93.8 

32 

142.3 

364.04 

91.0 

33 

69.5 

363.30 

90.8 

34 

-8.3 

421.76 

105.4 

41 

16.9 

363.50 

90.9 

42 

77.8 

297.44 

74.4 

43 

5.0 

452.60 

113.2 

44 

-72.8 

353.66 

88.4 

Totals 

0 

5990.7 



Table 7.—Individual plot yields and block and replicate totals. 
Balanced lattice with 25 varieties 


Replicate 

1 

Replicate 

2 

Replicate 

3 

Replicate 

4 

Replicate 

5 

Replicate 

6 


11 

34.5 

11 

39.1 

11 

42.3 

11 

42.2 

11 

37.2 

11 

40.0 


12 

48.6 

21 

41.5 

22 

41.1 

32 

44.8 

42 

33.9 

52 

46.3 


13 

45.9 

31 

35.9 

33 

36.0 

53 

34.7 

23 

32.0 

43 

40.2 


14 

45.1 

41 

44.6 

44 

44.2 

24 

43.7 

54 

42.7 

34 

46.7 


15 

44.6 

51 

43.2 

55 

44.1 

45 

40.0 

35 

40.6 

25 

36.6 

h. 


218.7 


204.3 


207.7 


205.4 


186.4 


209.1 


21 

51.1 

12 

43.2 

21 

34.6 

21 

43.7 

21 

50.8 

21 

48.8 


22 

46.9 

22 

46.5 

32 

44.3 

42 

23.9 

52 

47.4 

12 

46.2 


23 

31.0 

32 

49.6 

43 

44 . ' 

13 

39.1 

33 

37.0 

53 

44.3 


24 

42.4 

42 

45.1 

54 

38.3 

34 

38.5 

14 

46.7 

44 

47.3 


25 

34.3 

52 

48.8 

15 

36.7 

55 

38.5 

45 

47.2 

35 

49.2 

b. 


205.7 


233.2 


198.6 


183.7 


229.1 


235.8 


31 

32.7 

13 

49.8 

31 

30.9 

31 

34.9 

31 

26.5 

31 

31.4 


32 

36.6 

23 

33.4 

42 

46.1 

52 

42.0 

12 

45.8 

22 

40.8 


33 

43.3 

33 

41.4 

53 

42.6 

23 

30.6 

43 

39.5 

13 

40.8 


34 

49.2 

43 

44.0 

14 

46.6 

44 

41.5 

24 

40.2 

54 

35.3 


35 

35.1 

53 

41.5 

25 

31.0 

15 

44.6 

55 

42.3 

45 

32.3 

b. 


196.9 


210.1 


197.2 


193.6 


194.3 


180.6 
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Table 7.—Individual plot yields and block and replicate totals. 
Balanced lattice with 25 varieties —Concluded 


Replicate 

1 

Replicate 

2 

Replicate 

3 

Replicate 

4 

Replicate 

Replicate 

6 

41 

50.5 

14 

46.6 

41 

50.1 

41 

50.9 

41 

23.6 

41 

41.4 

42 

40.2 

24 

40.8 

52 

46.4 

12 

46.7 

22 

53.2 

32 

39.3 

43 

46.9 

34 

40.0 

13 

52.8 

33 

41.4 

53 

38.2 

23 

29.8 

44 

48.3 

44 

37.6 

24 

51.4 

54 

43.1 

34 

44.6 

14 

36.0 

45 

55.0 

54 

47.4 

35 

51.7 

25 

35.6 

15 

43.1 

55 

35.8 

b. 

240.9 


212.4 


252.4 


217.7 


202.7 


182.3 

51 

44.6 

15 

44.8 

51 

46.9 

51 

40.1 

51 

31.6 

51 

42.4 

52 

48.8 

25 

37.0 

12 

50.8 

22 

48.8 

32 

35.5 

42 

38.2 

53 

48.8 

35 

44.6 

23 

34.4 

43 

40.0 

13 

39.5 

33 

34.9 

54 

41.2 

45 

34.4 

34 

46.8 

14 

48.3 

44 

35.7 

24 

38.8 

55 

41.1 

55 

44.0 

45 

46.3 

35 

44.2 

25 

29.1 

15 

34.8 

5, 

224.5 

1 

214.8 


225.2 


221.4 


171.4 


189.1 

R^licate 

Totals 

1086.7 


1074.8 


1081.1 


1021.8 


983.9 


996.9 


Table 8.—Values by varieties of r„ , Wt,, rtv , and U. Balanced lattice with 

25 varieties 


Variety 

numbers 

r. 

IV. 

f/p 

tv 

11 

235,3 

32.1 

236.16 

39.4 

12 

281.3 

-297.7 

273.27 

45.5 

13 

267.9 

283.3 

275.54 

45.9 

14 

269.3 

25.1 

269.98 

45.0 

15 

248.6 

183.2 

253.54 

42.2 

21 

270.5 

54.5 

271.97 

45.3 

22 

277.3 

123.9 


46.8 

23 

191.2 

-18.6 


31.8 

24 

257.3 

-24.1 

256.65 

42.8 

25 

203.6 

-32.2 

202.73 

33.8 

31 

192.3 

205.3 

197.84 

33.0 

32 

250.1 

368.9 

260.05 

43.6 

33 

234.0 

-88.4 

231.62 

38.6 

34 

265.1 

190.7 


45.0 

35 

265.4 

-274.0 

258.01 

43.0 

41 

261.1 

-251.1 

254.33 

42.4 

42 

227.4 

-0.8 

227.38 

37.9 

43 

255.3 

-124.7 

251.94 

42.0 

44 

A 254.6 

-52.6 

253.18 

42.2 

45 

265.2 

-204.8 

259.68 

43.3 

51 

248.8 

73.8 

250.79 

41.8 

52 

279.7 

-407.7 

268.70 

44.8 

S3 

250.1 

-158.5 


41.0 

54 

1 248.0 

164.0 


42.1 

55 

i 245.8 

230.4 


42.0 

Totals 

6245.2 

0 

6245.2 
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Table 9. —Available and recommended square lattice designs for different 

numbers of varieties 


Number 

Number of replications 











varieties 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

9 

S 

T 

B* 


SR 


SR 

TR 

SR 


SR 




SR 


TR* 


BR* 




TR* 












BR* 

16 

S 

T 

Q* 

B 

SR 


SR 

TR 

SR 


SR 




SR 


TR* 


QR* 


BR* 


TR 












QR* 

25 

s 

T 

Q* 

P5 

B* 


SR 

TR 

PSR* 


SR 




SR 


SR 


QR* 


SR 


TR 












QR 












BR* 

36 

s 

T 

SR 


SR 


SR 

TR 

SR 


SR 






TR* 






TR* 

49 

s 

T 

Q* 

P5 

P6* 

P7 

B* 

TR 

SR 


SR 




SR 


SR 


SR 


P5R* 


TR 






TR 


QR 




QR* 

64 


T 

Q* 

P5 

! P6* 

P7 

P8 

B* 

SR 


SR 




SR 


SR 


SR 

TR 

P5R* 


TR 






TR 


QR* 




QR 












P6R* 

81 

s 

T 

Q* 

P5 

P6* 

P7 

P8 

P9 

B* 


SR 




SR 


SR 


SR 

TR* 

SR 


TR 






TR 


QR* 


P5R 


QR 












P6R* 

100 

s 

T 

SR 


TR 


SR 

TR 

SR 


SR 












TR* 

121 

s 

T 

Q* 

P5 

P6* 

P7 

P8 

P9 

PIO 

Pll 

B* 

/ 



SR 


SR 


SR 

TR* 

SR 


SR 






TR 


QR* 


P5R* 


TR 












P6R 

144 

s 

T 

Q 


SR 


SR 

TR 

SR 


SR 




SR 


TR 


QR 




TR 











1 

QR 

169 

s 

T 

Q* 

P5 

P6* 

P7 

P8 

P9 

PIO 

Pll 

Pll 




SR 


SR 


SR 

TR* 

SR 


SR 

\ 





TR 


QR* 


PSR* 


TR 






1 





QR* 






1 





P6R 


Key to Symbols— 

S Simple Lattice 
T Triple Lattice 
Q Quadruple Lattice r 
P5 Quintuple Lattice 

P6, etc. Lattice of higher order than Quintuple 


SR Simple Lattice Repeated * 

TR Triple Lattice Repeated 

QR Quadruple Lattice Repeated 

P5R etc. Quintuple Lattice Repeated, etc. 


• Where more than one type is possible the type recommended is marked with an asterisk. 
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RECOMMENDED TYPES OF SQUARE LATTICE DESIGNS 

Table 9 gives the possible types of square lattice designs for numbers 
of varieties from 9 to 169 and numbers of replicates from 2 to 12. When 
more than one type can be used with a given number of replicates, the one 
recommenced is marked with an asterisk. This table can be used as 
follows. An experimenter wishes to test 49 varieties and decides that 6 
is the maximum number of replicates that can be carried. The table gives 
3 types of designs that are possible and the one marked with an asterisk 
is P6. This means a type in which there are 6 orthogonal groups, a different 
group for each replicate. It should be borne in mind in selecting these 
types that the differences between them are often inconsequential. Thus 
with 49 varieties the triple lattice repeated would be preferred by some 
because there would be a little less work involved in the analysis. It 
has been assumed in making up Table 9 that it is feasible to use partially 
balanced square lattice experiments up to 6 replications without repetition. 
Beyond that it is deemed advisable to repeat a lattice of a simpler type 
in order to obtain the required number of replications. 

SUMMARY 

1. The fundamental characteristics of square lattice designs are 
discussed and a generalized method of analysis presented for all such 
designs. 

2. A table is presented showing the possible types of square lattice 
‘designs within a useful range of numbers of varieties and replicates and 
certain recommendations are made. 
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ACIDITY: ITS RELATION TO BUTTER FLAVOURS 
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In Canada, where a greater proportion of the creamery butter is 
manufactured during the spring and summer months and the surplus stored 
for periods of 3 to 9 months, it is important that the original quality of the 
cream and subsequent manufacturing procedures be such that the flavour 
quality of the butter does not undergo undue deterioration. Research 
work over the years has indicated that the churning acidity of the cream, 
and therefore the acidity of the butter sernm, is one of the most important 
factors affecting both the initial and keeping quality of butter flavour. 

The earlier investigations (10, 12, 13, 14, 16) were concerned mainly 
with the cream acidity at churning and the keeping quality of the butter, 
and the results showed that butter from sweet cream or cream of low acidity 
had much better keeping quality than butter from high acid cream. More 
recently Holm et al. (3) have shown that the rate of deterioration of flavour 
score for butter made from creams of 0.31 and 0.4% acidity was much 
more rapid than for butters made from creams churned at average acidities 
of 0.13 and 0.19%. They were able to correlate the loss of flavour score 
with increased oxidation of the fats in the high-acid butters, and concluded 
that the oxidation reaction seemed to underlie the various changes that 
resulted in a loss in score. Their data also indicated the relation between 
high acidity in the butter and the development of metallic and fishy flavours. 
Overman, Garrett and Ruehe (11) found that butters which had the 
highest initial scores and maintained flavour quality best during storage 
were made from fresh sweet creams with acidities of about 0.12%. 

Studies (1, 2, 6, 7, 8) on the relation of the pH of the butter serum to 
keeping quality have also indicated the importance of acidity to butter 
flavours, and most investigators have recommended a pH of 6.7 to 7.2 
in the butter serum for butters intended for storage. Bird (1) found that 
there was fairly close relation between the pH of butter .serum and some 
of the common flavour defects of storage butter. At pH values below 6.6, 
metallic flavours became important, while fishy flavours commonly devel¬ 
oped at pH values of 6.0 or low'er. Hussong, Quam and Hammer (4) 
also have observed that fishy flavours are common at pH values of 6.0 or 
lower, or when these flavours developed at higher pH values, the butters 
usually contained relatively high copper contents. In studies of com¬ 
mercial Canadian butters (IS) it was found that fishy flavours were usually 
present when the pH of the butter serum was about 6.0 or lower. 

Investigations (5) on butter acidity at ihe Iowa Agricultural Experi¬ 
ment Station have indicated that even for creams with less than 0.2% 
acid, the flavour of the butter was improved by reducing the acidity to 
about 0.11% at churning. 

‘Contribution No. 196 (Journal Series) from the Division of Bacteriology' and Dairy Research .Science 
Service. Department of Agriculture, Ottawa. 
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In commercial butters made from farm separated cream of varying 
quality, it is often difficult to attribute deterioration of flavour to any one 
particular factor. The present study was planned to obtain data on the 
effect of acidity of cream at churning on the initial and keeping quality of 
butter made from freshly separated sweet cream of fine flavour and from 
first grade farm separated cream, when other factors were the same or 
were carefully controlled. Data were also obtained on the relation between 
the titratable acidity of the cream and the pH of the butter serum, and 
gave some indication as to the acidity at which cream should be churned 
to give the best flavour. 

MATERIALS AND METHODS 

Fresh sweet cream from milk of the Central Experimental Farm herd 
was used for all churnings except for those in series 9 and 10 which were 
from farm separated cream obtained from a local dairy. In the present 
study it was aimed to have the different lots of cream in each series churned 
at acidities of 0.1 to 0.15, 0.2 and 0.3%. The individual churnings in 
each series were denoted by the letters A, B and C after the series number 
to indicate the churning acidity of the cream. 

In series 1 and 2, a lot of about 250 pounds of cream was inoculated 
with 70 to 100 ml. of starter and held overnight at about 70° F. in a small 
stainless steel vat to develop acid. The following day the cream was 
neutralized to a calculated acidity of 0.3%, then pasteurized, and when 
cooled to about 100° to 110° F. was divided in 3 equal lots. One lot in 
each series was further neutralized to a calculated acidity of 0.2% and 
the other lot to a calculated acidity of 0.15%. 

Churnings 3A, 4A and 8 were churned from freshly separated pas¬ 
teurized creams of acidities of about 0.11%. 

For churnings 3B, 3C, 4B, 4C, 5, 6 and 7, about 1 quart of starter was 
added to approximately 80 pounds of cream to develop an acidity of 0.2 
or 0.3% and then pasteurized immediately the desired acidity was reached. 
In churnings 4C and 7, a higher acidity than was desired had developed 
and it was necessary to neutralize the cream. 

For series 9 and 10 (churnings 9A, 9B, 9C and lOA, lOB, IOC), the 
farm separated cream was thoroughly mixed, divided into 3 equal lots and 
each lot neutralized to the desired acidity before pasteurization. 

All creams were pasteurized at 170° to 172° F. for 10 minutes, cooled 
to 40° F. and held overnight before churning. A sodium sesquicarbonate 
neutralizer was used to reduce the acidity when necessary. Churnings 
were salted at a rate of 1.5% on the estimated butter. The butters were 
packed in 14-lb. spruce boxes lined with double 40-lb. parchments and 
placed in storage immediately at temperatures of about 12° F. and ~ 10° F. 
The butters were ifered within 2 weeks of manufacture and again after 
storage periods ranging from 127 to 203 days. 

Titratable acidities and pH values were determined on the creams 
when fresh and at the churn, and pH values of the butter sera were made 
before and after storage. All pH determinations were made with a Beck¬ 
man pH meter with glass electrode. Peroxide values of butter were made 
on the surface and interior portions of the butters using a modified iodi- 
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metric method in an attempt to evaluate the extent of deterioration of an 
oxidative nature. Copper contents were determined by the filtration 
method of Moir and Andrews (9). 

Microbiological analyses were run on the butters when fresh using 
tryptone glucose extract agar for the standard plate count plus 0.5 ml. 
sterile skimmilk and 0.5 ml. of a sterile fat-agar emulsion in each Petri 
dish, to obtain an estimate of the numbers of proteolytic and lipolytic 
colonies present. Malt extract agar acidified to a pH of 3.5 ± was used 
for mould and yeast counts. 

RESULTS 

Data on the titratable acidities and pi I values of the creams and the 
pH values of the butters before and after storage are given in Table 1 and 
indicate the treatment of the creams before churning. 

With the exception of a few churnings in the low acid group, the data 
show a close agreement between the pH of the cream at the churn and the 
pH of the butter serum both when fresh and after storage. There was also 
good agreement between the pH values of the butters when fresh and after 
storage and for the same butters stored at different temperatures. With 
the equipment used, the pH values of the cream were slightly higher than 
for the resulting butters in the majority of churnings. In the case of the 
butters, the pH values after storage were slightly higher than when fresh, 
but in many instances the differences were negligible. With the exception 
of the first three churnings in the low acid group and one churning in the 
medium acid group, the variation in pH values between fresh and storage 
butters did not exceed 0.2 of one full division on the pH scale. 

Creams with acidities of 0.10 to 0.15% gav'e pH values in the butter 
serum ranging from 6.43 to 6.95 after storage at 12° F. with an average 
value of 6.76; creams with acidities of 0.17 to 0 23 gave butters with pH 
values of 5.94 to 6.28 with an average pH of 6.11; while the butters from 
creams of 0.29 to 0.35% acid had pH values of 5.35 to 5.73 with an 
average pH value of 5.51. 

The relation between acidity and flavour score for individual churnings 
is shown by the data presented in Table 2. With the exception of churning 
lA, where the cream developed an off flavour which carried through the 
whole series of 3 churnings, all fresh butters with acidities be^ow 0.15% 
had flavour scores of 39.5 to 40.5 Creams in the medium acid group 
gave butters which had flavour scores of 39.0, or 39.5 in the case of two 
churnings, with the exception of IB. In several cases, however, the 
graders* remarks indicated the flavour was slightly acid or showing an 
indication of the metallic defect. For the high acid creams ranging from 
0.29 to 0.35%, 4 of the 7 butters were second grade in flavour score when 
fresh and 3 were scored 39.0 points. In every instance, however, the 
butters were criticized for metallic or acid flavours or for showing an 
indication of the metallic flavour. 



140 


SCIENTIFIC AGRICULTURE 


[Vol. 25 


For the majority of the butters, there was no marked deterioration in 
the flavour scores after storage for 4 to 6^ months at the two temperatures 
used. In a few instances the flavour scores of the butter after storage were 
slightly higher than when graded fresh and the average score for the 7 
churnings of the high acid group was slightly higher than when fresh. 
There was no loss of grade after storage for butters in the low acid group, 
but 2 churnings in the medium acid group and 1 in the high acid group lost 
a grade after storage. 

The variation in the acidity of the same or comparable fresh sweet 
creams ripened by means of a lactic culture made a difference of 0.5 to 1 
point between the flavour scores of individual churnings in the low acid and 
medium acid groups, and as much as 2 to 3 full points between the flavour 
scores of butters in the low and high acid groups. Similar results were 
obtained for butters made from mixed lots of farm separated creams (series 
9 and 10) which had developed acid naturally. In other words the varia¬ 
tion in acidity of the same cream meant a difference between a 40-score 
first grade butter and a second grade product in a number of comparisons. 

While the surface butter was slightly lower in flavour score than the 
interior, there were only one or two instances in which the surface flavour 
of first grade butter had deteriorated sufficiently to lower the grade of the 
butter, and these were in the high acid groups. Only in the case of churning 
IOC did the graders observe a tendency towards a fishy flavour. 

A summary of the data in Table 2 is given in Table 3. When fresh, 
the average flavour score for the low acid butters was 0.64 point higher 
than for the medium acid group and 1.5 points higher than for the high 
acid butters, while the medium acid group had an average flavour score 
0.86 point higher than the high acid group. The average scores of the 
butters in the different groups showed approximately the same differences 
after storage for both the interior and surface portions. 

The copper contents and the peroxide values of the butters are given 
in Table 4. The copper contents were quite low for all butters exept IOC 
and well below 0.15 p.p.m., usually considered the maximum amount for 
good keeping quality. There was no apparent reason for the variation in 
the copper content of butters IOC and lOA made from the same cream. 

Peroxide values were relatively low for all butters and are in line with 
the values reported by Holm et al. (3) for butters of comparable acidities 
and storage temperatures. It is of interest to note, however, that as the 
acidity of the buUers increased, the average peroxide values increased 
slightly. The avS^ge peroxide values of the surface of the butters were 
also slightly higher than for the interior which coincides with the slightly 
lower average flavour scores of the surface of butters in the different acid 
groups. 

There was very little difference in the scores of individual churnings 
or the average scores of butter in the three acid groups when held at 12® F. 
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or — 10®F. The slight differences noted were in favour of the lower 
temperature and this was especially true for the churnings (series 9 and 10) 
made from farm separated cream. It should be mentioned, however, that 
much of the butter was made from cream that was of excellent quality 
except for the acid developed by good flavoured cultures of lactic acid 
bacteria. 

The results of the microbiological analyses of the butters are not given 
in detail, as an examination of the data showed that the bacterial and total 
mould and yeast counts were approximately the same for butters of different 
acidities in the same series, and therefore would not influence the flavour 
scores of the butter. The standard plate counts of bacteria colonies were 
relatively low and ranged from 2,300 to 30,000 per ml. of butter, with 
all but 4 churnings having total bacteria counts of less than 15,000 per ml. 
Counts of proteolytic and lipolytic colonies ranged from 0 to 5,000 and 
0 to 1,300, respectively, while total mould and yeast counts varied from 
2 to 113 per ml. 

DISCUSSION 

The results obtained on these experimental butters, though limited in 
number, show the importance of proper control of the acidity of the cream 
and the pH of the butter, in order to obtain the best possible flavour scores 
on the finished butter. While only one churning in the high acid group 
showed a tendency towards a fishy flavour at the surface, the data indicated 
a rather definite relationship between acidity and the metallic and fishy 
flavour of butter. These results are in agreement with the general findings 
of other workers. 

The flavour defect in the medium and high acid butters which was 
described as of a metallic nature was apparently not due to contamination 
with heavy metals as indicated by the copper content of butters of different 
acidities made from the same lot of cream, but was due to the acidity in 
the cream and in the resulting butter. 

Under the conditions of these trials, the data indicated that the acidity 
of neutralized sour cream should be controlled within a range of 0.10 to 
0.15 to obtain a pH in the butter serum of 6.7 to 7.2, which is generally 
considered advisable for salted butler intended for storage. Butters made 
from unneutralized sweet cream, however, may have a pH value somewhat 
lower than for neutralized sour cream of comparable titratable acidity 
without having a detrimental effect on flavour as indicated by the pH 
values and scores of churnings 4A and 8. 

Although the values of the peroxide test, used as an indication of the 
oxidative changes in the fat, were relatively low for these experimental 
butters, the small increase in the average peroxide values as the acidity 
of the butters increased, suggests that acidity functions as a causative 
agent in oxidative changes that take place in the butterfat during storage, 
and which lead to flavour defects generally described as stale, storage, 
tallowy, metallic and fishy. 
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SUMMARY 

The acidity of the cream, and therefore the pH of the butter serum, 
was found to have a definite effect on the flavour scores of the butter. As 
the average acidity of the cream increased from 0.11 to 0.20 or 0.31%, 
the average pH values of the butter serum decreased from 6.76 to 6.1 and 
5.51, respectively, with a resulting loss in flavour scores of the butter of 
as much as 2 to 3 points between the low acid and high acid butters. 

In the medium and high acid butters, the principle flavour defects 
noted were of a metallic, sour or acid, and, in one case, of a fishy nature. 

The data indicated that the acidity of neutralized sour cream should 
be adjusted to 0.15% or lower to give a pH in the butter serum of 6.7 to 
7.2 if the highest flavour scores are to be obtained on the butter when 
fresh and after storage. 
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Table 1.—Titratable acidities and ph values of cream and butter 


Churning 

number 

' Titratable acid of 

cream 

pH of cream 

pH of butter* 

Sweet 

Before 

neut. 

At churn. 

1 At churn. 

Fresh 

Held at 
12° F. 

Held at 
-10° F. 

lA 

0.12 

0.54 

0.15 

6.74 

6.43 

6.71 

6.71 

2A 

0.11 

0.54 

0.15 

6.76 

6.64 

6.95 

7.02 

3A 

0.11 

— 

0.10 

7.00 

6.60 

6.94 

6.93 

4A 

0.11 

— 

0.11 

6.70 

6.70 

6.65 

6.58 

8 

0.11 

— 

0.11 

6.78 

6.54 

6.43 

6.43 

9A 

— 

0.32 

0.09 

7.05 

6.88 

6.82 

6.92 

lOA 

— 

0.44 

0.10 

6.87 

6.78 

6.86 

6.97 

Ave. 

0.112 

— 

0.116 

6.84 

6.65 

6.76 

6.78 

IB 

0.12 

0.54 

0.21 

6.05 

5.90 

6.01 

6.07 

2B 

0.11 

0.54 

0.20 

6.03 

5.92 

6.09 

6.12 

3B 

0.11 

— 

0.22 

5.73 

5.82 

5.94 

5.93 

3C 

0.11 

— 

0.17 

6.28 

6.15 

6.28 

6.41 

4B 

0.11 

— 

0.21 

6.37 

6.05 

6.28 

6.20 

4C 

0.11 

0.54 

0.23 

6.29 

6.00 

6.10 

6.12 

9B 

— 

0.32 

0.19 

6.30 

6.12 

6.14 

6.17 

lOB 

— 

0.44 

0.20 

6.23 

6 03 

6.01 

6.11 

Ave. 

0.112 

— 

0.203 

6.16 

6.00 

6 11 

6.14 

1C 

0.12 

0.54 

0.30 

5.57 

5.34 

5.54 

5.57 

2C 

0.11 

0.54 

0.30 

5.50 

5.52 

5.56 

5.57 

5 

0.11 

— 

0.30 

5.60 

5.72 

5.73 j 

5.75 

6 

0.11 

— 

0.35 

5.30 

5.30 

5.35 ! 

5.38 

7 

0.11 

0.34 

0.29 

5.72 

5 48 

5.35 

5.32 

9C 


0.32 

0.30 

5.56 

5.52 

5.52 

5.53 

IOC 

— 

0.44 

0.32 

5.50 

5.39 

5.50 

5.50 

Ave. 

0.112 

— 

0.31 

5.55 

5.47 

5.51 

5.52 


pH determinations after storage were made on a different pH meter than when fresh. 


Table 2.—The relation between cream acidity and ph of butter to flavour scores of butter 
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Table 3.—Summary of cream and butter acidities and flavour scores 


No. of 
churnings 

Average cream 
acidities 

Ave. 
pH of 
butter* 


Average flavour 

scores 


Fresh 

After storage 
at 12° F. 

After storage 
at -10°F. 

Tit ratable 

pH 

Interior 

Surface 

Interior 

Surface 

7 

0.116 

6.84 

6.76 

39.64 

39.46 

39.10 

39.57 

39.25 

8 

0.203 

6.16 

6.10 

39.0 

38.94 

38.42 

39.10 

38.7S 

7 

0.31 

5.55 

5.51 

38.14 

38.29 

37.79 

38.32 

38.21 


* After storage at 12® F. 

Table 4.—Copper contents and peri^xide values of butters 




Peroxide values* 

Churn, no. 

Cu. p.p.m. 

Storage at 12° F. 

Storage at — 10°F. 



Interior 

Surface 

Interior 

Surface 

lA 

0.12 

0.8 

1.2 

0.8 

1.2 

2A 

0.12 

0.2 

0.8 

0.2 

0.6 

3A 

0.08 

0.1 

0.5 

0.1 

0.3 

4A 

0.10 

0.0 

1.3 

0.5 

0.7 

8 

0.08 

0.8 

0.7 

0.7 

1.3 

9A 

0.07 

0.0 

0.1 

0.0 

0.1 

lOA 

0.09 

0.1 

0.7 

0.1 

0.4 

Ave. 

0.094 

0.28 

0.76 

0 34 

0.66 

IB 

0.09 

1.2 

1.3 

1 .2 

1.1 

2B 

0.07 

0.8 

0.9 

0.5 

0.8 

3B 

0.06 

0.3 

0.3 

0.3 

0.4 

3C 

0.07 

0.1 

0.6 

0.2 

0.4 

4B 

0.08 

0 7 

1 0 

0 6 

0.7 

4C 

0.05 

0.7 

1.3 

0.7 

1.1 

9B 

0.05 

0.1 

0.5 

0.0 

0.3 

lOB 

— 

V 0.3 

— 

0.3 

0.6 

Ave. 

0.067 

0 52 

0.84 

0.47 

0.675 

1C 

0.06 

1.2 

1.2 

1.1 

1.2 

2C 

0.09 

0.0 

1.0 

0.7 

0 8 

5 

0.05 

0.7 

1.0 

— 

0.9 

6 

0.07 

0.8 

1.3 

1.0 

1.1 

7 

0.03 

0.7 

1.0 

0.9 

1.0 

9C 

0.12 

0.8 

0.9 

0 6 

0.7 

IOC 

0.28 

1.2 

—• 

1.0 

— 

Ave. 

0.10 

0.90 

1.06 

0.88 

0.95 


No. ml. of .002N sodium thiosulphate per gram fat. 



TOPOGRAPHY AND MINIMUM TEMPERATURE^ 

W. D. Albright* and J. G. Stoker* 

Dominion Experimental Station, Beaverlodge, Alta, 

Peace River settlers hailing from many countries, provinces, and 
states had often remarked on the sharp differences in nightly temperatures 
between high and low lands. The lesson had been impressed upon them 
by frosted grain and scorched potato tops. In winter the differences were 
sometimes so marked that a traveller leaving a slough and ascending 100 
feet might feel almost as though leaving a frigid for a temperate climate. 
However, these phenomena are not confined to the Peace. The late 
Major L. T. Burwash told the author that he had found much greater 
spreads in the Yukon. 

It is a principle that in the main the atmosphere tends to become 
rarer and colder with elevation, the temperature falling on the average 
about 1® F. with each 330 feet in altitude. But more than counteracting 
this within certain limits of local topography is a converse principle, the 
tendency of cold air to settle and drain to the lower levels as water drains 
down hill. Meteorologists call this ''inversion of temperature.” 

This second principle is again modified by others. Low ground near 
a river or lake is generally safer from summer frost than high ground not 
so protected. When the river or lake is frozen its basin may be exceedingly 
cold. The narrow valley of the Peace River is an example. It seemed 
advisable to obtain systematic data. 

After some preliminary observations in which it was established that 
thermometers caged 3J feet above ground level might sometimes register 
nightly minima several degrees above uncaged ones at the same level, 
while the latter in turn might register minima 8 or 10 degrees above uncaged 
ones at the ground level, observations at two extreme sites were commenced 
by the Dominion Experimental Substation, at Beaverlodge, in July, 1926. 

SITUATION 

The situation was favourable for such a study. The Substation, as 
it then was, lay on the eastern slope of a hog's back ridge dividing two 
valleys that converge a mile or so to the south. The height and width of 
the ridge tapers pretty steadily towards that point. 

The Substation land sloped sharply eastward and a little less sharply 
to the south. The eastward slope along the Station's southern frontage 
was nearly uniform, falling to a slough, which together with its adjoining 
scrub-covered flat occupies an area about a mile wide. The topography 
is such as to afford on the mile-wide flat a pool for the accumulation of cold 
air shed towards it from all directions but one, with a scrub-fringed outlet 
southeastward. slough is locally regarded as an exceptionally frosty 

spot. The Substation (now a Station) lay north of a highway which crosses 
the slough from east to west and traverses the ridge. From the slough 
edge to the highest point on the ridge where it is crossed by the road the 

> Paper read before the meeting of the Western Canadian Society of Agronomy at Saskatoon* Sask., 
June 22-23. 1944. 

* Superintendent. 

* Weather Observer. 
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CROSS SECTION OF NEIGHBORHOOD CONTOUR AFFECTING MINIMUM TEMPERATURES 

BEAVERLODGE. ALBERTA 
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distance is 214 rods and the rise a remarkably gradual one of 134 feet. The 
ridge at this point is just over 2,500 feet above sea level. Of recent years 
the slough has been more or less completely drained by highway ditches 
and has been largely broken and cropped. 

PROCEDURE 

On July 1, 1926, a self-registering minimum thermometer was hung at 
the apex of the ridge checking against one previously placed at the slough 
edge. On May 1, 1927, four similar instruments were placed along the 
roadside between these extremes at equal successive rises of 26.8 feet, the 
distances being nearly uniform. All were hung 3| feet above ground level 
and were at first uncaged. Slight errors in the instruments marred some 
of the minor comparisons in the early years and breakages necessitated a 
temporary curtailment of the intermediate records in 1928. In 1929 the 
readings of the slough-edge thermometer between June 16 and August 24, 
inclusive, were discarded as inaccurate. 

During the latter part of January, 1930, all six instruments were placed 
in louvred cages at a height of 3^ feet. This reduced the occasional error 
from shaking by the wind, and lessened, though it did not altogether 
prevent human interference. Since April 3, 1930, the records have been 
interrupted but little. Occasionally a mistake would be made or a violent 
wind would displace the needle indicator. Any marked discrepancy in the 
accustomed rhythm led to the discard of the readings for such a day. A 
departure of 1 or 2 degrees either way was tolerated. 

The readings were taken at 1.00 p.m., when the temperature was 
nearly always above the previous night’s minimum. All instruments were 
occasionally compared with a reliable checking thermometer. All were 
situated above a grassed fence-bottom. All were on the north side of the 
road except the fifth from the bottom, which was placed across the road to 
avoid complications by trees and cultivation. The instrument at the 
slough-edge was designated as at post No. 1; that on the hilltop as at 
post No. 6. The first, second, third and sixth instruments had about 
equally exposed positions. Nos. 4 and 5 may have been slightly affected 
by artificial heat and shelter, particularly No. 4, which was southeast of 
the buildings and averaged a shade higher than the relationship of the 
other readings would lead one to expect. 

Comparisons between the slough-edge and the hilltop are available 
from July 1, 1926, tg December 31, 1942, when the readings were dis¬ 
continued as a measure of wartime economy. Satisfactory comparisons of 
readings at six points are available from February, 1930, to December 31, 
1942. 


RESULTS 

Since July lf^926, accepted comparisons between slough edge and 
hilltop number 5802 out of a possible 6028. On 1942 nights, which is 
practically one-third of the total of 5802, the slough thermometer read 10 
or more degrees lower than that on the hilltop; on 649 nights, 15 or more 
degrees lower; on 172 nights, 20 or more degrees lower. On the other 
hand, on 161 nights of accepted readings the slough thermometer read 1 
or more degrees less extreme than that on the hilltop. 
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Extreme Spreads per Annum 

In every one of the 16.^ years from July, 1926, to December, 1942, 
there has been an extreme spread of 23 degrees or more. In 6 years the 
extreme spread was 24 degrees; in 6 years, 25 degrees; in 2 years it was 
26 degrees and in February, 1929, there was a spread of 28 degrees! 

Months of Greatest Spreads 

In 5 years out of 16, February registered the most extreme spread of 
the twelvemonth, and once February tied with December. In 4 years, 
March had the greatest spread; in 3 years, December; in 2 years, Novem¬ 
ber, and only once did the greatest spread occur in January. 


Table 1. —Most extreme spreads per month from 1926 to 1942, inclusive registered 
BY self-registering MINIMUM THERMOMETERS SITUATED, RESPECTIVELY AT THE 
FOOT AND AT THE APEX OF A Hog’s BaCK RIDGE WITH AN EASTERN 
SLOPE 214 RODS LONG AND A RISE OF 134 FEET 


Most extreme spreads 


Year 



Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 1 

Per 

year 


®F. 

®F. 

°F. 

®F. 

. 

o 

°F. 

j 

°F. 

°F. 

°F. 

®F. 

°F. 

OF 

1926 

_ 

_ 

- _ 

_ 

_ 

_ 

13 

14 

15 

14 

18 

24 

24 

1927 

23 

25 

22 

19 

14 

10 

11 

15 

13 

12 

17 ! 

24 

25 

1928 

22 

23 

22 

16 

15 

12 

13 i 

14 

18 

IS 

16 

23 

23 

1929 

24 

28 

22 

18 

16 

— 

_ 


13 

16 

20 

18 

28 

1930 

22 

23 

25 

10 

13 

10 ! 

It 

14 

14 

15 

21 

16 

25 

1931 

20 

15 

18 

13 

14 

15 

14 


18 

16 

24 

25 

25 

1932 

23 

20 

24 

13 

i 15 

13 

13 

16 

18 

12 

23 

22 

24 

1933 

21 

19 

24 

14 

9 

12 

13 

15 

16 

13 

18 

21 

24 

1934 

26 

21 

19 

15 

14 

11 

12 

13 

12 

1 

18 

22 

26 

1935 

21 

26 

24 

21 

13 

12 

9 

10 

16 

16 1 

23 

i 19 

26 

1936 

16 

23 

19 

13 

17 

15 

12 

14 

17 

14 

^1 

24 

24 

1937 

21 

24 

19 

21 

13 

17 

16 

15 

17 

14 

16 

17 

24 

1938 

22 

21 

14 

14 

15 

13 

15 

14 

13 

16 

18 

25 

25 

1939 

22 

20 

23 

17 

11 

11 

19 

15 

11 

17 

13 

19 

23 

1940 

21 

22 

19 

11 

13 

10 

10 

14 

17 

16 

25 

24 

25 

1941 

20 

24 

22 

15 

12 

11 

17 

Q 

0 

17 

18 

22 

24 

1942 

18 

16 

17 

11 

12 

13 

16 

15 i 

1 1 

i 16 

1 

17 

25 

1 _ 

17 

25 


Average Monthly Spreads 

In a 13-year comparison of mean monthly spreads between hilltop and 
slough thermometers the widest divergence was 9.26 degrees in hebruary, 
followed by 8.62 in December, 8.59 in January, 7.85 in March, 7.15 in 
August and 7.02 in November. June, a month of long days, had the 
narrowest average spread of 4.97 degrees, followed by April with 5.04; 
May with 5.15; October with 6.18; September with 6.47; and July with 
6.48. For 13 years the average of the monthly means was 6.90 degrees. 
Thus while the tendency is for the colder months to show the greater 
spreads such is not invariably the case; nor is the converse unfailingly 
true of the summer months. 



Table 2.--^Cqmparing monthly spread of average minimum temperatures between self-registering minimum thermometers situated, 

RESPECTIVELY, AT THE FOOT AND THE APEX OF A RIDGE WITH AN EASTERN SLOPE HAVING A 
FALL OF 134 FEET IN 214 RODS, FROM 1930 TO 1942, INCLUSIVE 
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11.93 I 9.32 1 6.37 8.62 







Table 3.—Comparing 13 average yearly means (1930-1942) of minimum temperatures registered by caged self-registering minimum 

THERMOMETERS PLACED AT EQUAL SUCCESSIVE RISES ON A GRADUAL EASTERN SLOPE WITH A TOTAL ASCENT OF 134 FEET IN 214 RODS 


November, 1944] albright and stoker—topography and temperature 


151 


Spread between 

highest yearly 
mean and lowest 
yearly mean of 

I and VI 

0 

r«l^<NOO'«l<POC>4 0*OvOO'OON 
»O'O»O'OO00t^CN00iO»O\Ot^ 

vOt^t^vOO'O'OI'^vOvOt'-NO'O 

6.88 

> 

Degrees 
above (-f) 
below ( — ) 
No. V 

o 

•.-tiOCfO'O'O'^O--•O'f^l'OOO 

00^0000000000 

0.52 

d 

Temp. 

yearly 

mean 

o 

'0000»^l^-^^»0^v0'^—'O 
O\0st'^O4''00'.-H00C^10000LOr0 

OQO^C»--'t^-t'-+*-t'OOi^OOCOO 
rO <N «N C'l fN C^l C^i c‘ l C^l Ol 

* 

26.61 


Degrees 
above (-f) 
below (—) 
No. IV 


»-H»t‘o«r><^t^ooNvOvOooooi'' 

^OTt^•*tO-f<^'Ot'~OCOO^OO^O 

o 

> 

o 

ooooooooooooo 

d 


Temp. 

yearly 

mean 

o 

iorr)0’^^‘or^‘0 0t^'-'‘0<’^i 
f<3 ro -t* '-N| ^ o CO ‘O ^ C^l OO 

ro fN C'J CM C^l C^i CN CM C^l 

* 

26.09 

> 

Degrees 
above (-}-) 
below ( —) 
No. Ill 

Uh* 

a 

rooO■^00^^^»OO^C^'OC^t'-0 

t— 

-:r 

- 

6 





Temp. 

yearly 

mean 

U, 

o 

CN ‘C 00 00 1'^ O -f —< CO r-- to 

OOOCMOOf^OCO'OOOt^rfrc*-^ 

Of^fNlON'OfO<OrOOvO»0 1''i'- 
rO<NCM»-«CMCMCMrMCMr-lCMr'JOI 
* 

25.45 

- 

Degrees 
above (-f) 
below ( — ) 

No. II 
- 

ui 

o 

•rOCs'O'OOC'J'OrO’—' 
vOt^tOCNroro»0'^'^rO'OiO»0 

1 .49 

d 






Temp. 

yearly 

mean 

uJ 

o 

^ ^ ^ ^ O' ■>—' t’M »0 »0 ^ O >0 

O' ‘O O' rt< l-^ fN rO O' O ‘O 

00 O O 00 to C'J ’-I OMO »0 ro vO »0 

rsjtvir'i^fvirsiCMr-ioifNCNfNCM 
«- 

; 24.04 

i 


Degrees 
above (-f) 
below’ ( —) 
No. 1 

o 

••O'rfr^'OrofOtOCMPO 

00f0<’N00-^0'f^O'^^t^0N'O‘O 

CMrOfOCN<>4<^<’’'ifOr4CNr^r-ic4 

2 82 

d 

• 




Temp. 

yearly 

mean 



lO 

»o 


o 

r^^OM^'^OOOfO’^'^'rt<'*t 

t^jCM^'^CNCMCNtNCNCNCNCMCM 

* 

CM 

No. I 

Slough 

temp. 

yearly 

mean 

ui 

o 

Tftr^ooo'foooc'to'oofoto*-' 

^cpj^cot^OvfO'OrorOfOOOto 

* 

ro 

d 

Year 


<v 

&/> 

2 

V 

> 

< 


oi'a 

u. s 




41 01 
















iS2 SCIENTIFIC AGRICULTURE [Vol. 25 

Spreads Decrease Towards the Top 

The tendency is for the spreads to decrease as one ascends the slope. 
Thus in the course of 13 years, 1930 to 1942, inclusive, the second post has 
averaged 2.82 degrees less extreme than post No. 1, situated at the slough 
edge. The third post is 1.49 degrees milder than the second; the fourth, 
1.41 degrees milder than the third; the fifth, 0.64 degrees milder than the 
fourth, and the sixth, 0.52 degrees milder than the fifth. The spread 
between posts 1 and 6 figures out to be 6.88 degrees (which differs by two 
one-hundredths from the figures arrived at where monthly spreads are 
averaged.) 

Several factors may be suggested to explain the decrease in spreads 
towards the top. The cold air builds up from the bottom towards the 
ceiling of the inverted temperature, the cold being most intense at the 
bottom. The basin widens upwards and a given volume of cold, so to 
speak, may depress the narrower horizon of air by more degrees than it 
would affect the wider horizon above. In other words, a given volume of 
cold air will fill a narrow basin fuller then it would fill a wide one. 

Frost-free Periods Hilltop and Slough 

The practical importance of the study is emphasized by a comparison 
of frost-free periods at the vslough edge and hilltop for 11 years, 1932 to 
1942, inclusive. The frost-free seasons at the hilltop (32° being taken as 
frost) ranged from 66 days in 1935 to 129 days in 1940, averaging 106. 
At the slough there was frost every 10 days in 1933, and the longest frost- 
free period was 76 days, in 1941, the 11-year average being only 32 days 
Thus the frost-free period at the hilltop averaged more than three times as 
long as at the slough. At the slough frost occurs in every month of the 

Table 4. —long-time record of last spring and first autumn frosts at 

SLOUGH AND ON HILLTOP, vS2° F. BEING TAKEN AS FROST 



Hilltop 

Slough 


Last frost 

First frost 

Frost-free 

Last frost 

First frost 

Frost-free 


in spring 

in fall 

season 

in spring 

in fall 

season 




dy. 



dy. 

1932 

June 18 

Sept. 12 

85 

Aug. 6 

Aug. 31 

24 

1933 

June 11 

Sept. 4 

84 

Frost recorded every 

10 





ten davs 


1934 

May 22 

Sept. 12 

112 

July 19 ! 

Aug.' 1 

12 

1935 

June 8 

Aug. 14 

66 

July 4 

Aug. 14 

40 

1936 

May 12 

Sept. 10 

120 

June 13 

July 12 

28 

1937 

May 28 

Sept. 21 

115 

July 11 

July 27 

15 

1938 

June 6 

Sept. 29 

114 

June 9 

July 31 

51 

1939 

May IOj^R 

Sept. 13 

125 

July 13 

Aug. 16 

33 

1940 

May 28 

Oct. 5 

129 

June 29 

Aug. . 4 

35 

1941 

May 26 

Aug. 30 

95 

June 14 

Aug. 30 

76 

1942 

May 15 

1 Sept. 14 

121 

June 26 

July 26 

29 


Average 

106 

Average 

32 


N.B.—In computing the number of frost-free nights between, it is to be borne in mind that if the last 
spring frost occurs on, say. June 9, there will be 22 June nights free of frost while if the first fall 
frost occurs August 31, there will be only 29 August nights free of frost the reading of morning of 
August 1 being counted as for the night of July 31. 



November, 1944] albright and stoker—topography and temperature 153 

average year; on the hilltop roses have not infrequently bloomed in October 
and once as late as November. In 1943 on the hillside a perfectly good 
windfall apple was picked up on November 12. 

It should be understood that a light frost is not necessarily lethal even 
to tender crops and that some crops will be little if at all injured by several 
degrees of frost. Thus even after allowance is made for the fact that the 
temperature at grain level may be lower than the temperature indicated by 
the caged thermometer, the fact remains that the Peace River region as a 
whole is a much safer cropping region than this data might suggest. 

DISCUSSION 

During rain or snow storms there has been no difference in the readings 
of the respective thermometers. Once during a slow 2-day summer rain 
the Station’s official thermometer was observed to hover around 34 to 36 
degrees F., without any sign of frost at the ground level there or at the 
slough. In humid, cloudy weather, even without I'ainfall, there is little 
difference. Clouds check radiation and guard against inversion of tem¬ 
perature. 

Wind, mixing the air as it does, diminishes but does not always 
eliminate temperature spreads. Several degrees of difference sometimes 
persist in winter for days with more or less air motion in progress. On one 
occasion a cold wave sweeping in towards sunrise of an autumn morning 
brought a brief touch of frost to the hilltop without any more (if index'd 
any whatev^er) at the slough basin. This, though, was very exceptional. 
In some years wind has been remarked as having a predominant influence 
in restricting spreads, while in othc'r years it has seemed a less important 
factor. 

While there is a tendency for the colder months to exhibit the wider 
spreads and the warmer months the lesser spreads this does not hold 
uniformly, by any means, civen when long-term averages are considered, 
and decidedly not when individual years are considered. Other factors, 
such as precipitation, clouds and wind, enter into the picture. During 
13 years the greatest mean spread occurred not in the coldest month of 
January but in February, while the least average spread occurred in June, 
rather than in the hottest month, July. 

February, March, December, November, and January hold the 
honours in this order for the greatest number of extreme spreads per 
annum. 

The greatest spread has si Idom been found on the coldest nights but 
rather when a cold snap was relenting, the hilltop experiencing the change 
first, while a blanket of cold aii in the slough. Marked spreads may 
also occur with the second or third night ot clearing weather following a 
storm. The greatest recorded spread of 28 degrees occurred on hebiuary 
19, 1929, when the weather was moderating alter a cold spell, the respective 
readings being —30 and —2. In 19v32 it was obv^erved that the years 
greatest spread of 24 degrees occurred on ATarch 15, after a fall of snow but 
not on an extremely cold night. 

In 1935 the greatest spread, of 26 degrees, occurred not in the bitter- 
cold month of January but in the comparatively mild, calm month of 
February, on a moderate night and after a period of mild winter weather. 
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In 1936 the widest spread was 24 degrees on December 19, when readings 
were —13 and +11, while the second-widest spread that year was in 
February, when the comparative readings were —50 and -27* It would 
seem that, as with the Peace climate in general, the most regular feature is 
irregularity. 

While no maximum readings and therefore no daily means have been 
registered, it has often been observed in the reading of the instruments 
that in summer the mid-day temperature might be as high at the slough as 
on the hilltop and sometimes higher. In winter it was rarely higher and 
was not infrequently lower in the slough. 

The data is not only important from a climatological point of view 
but has a profound ecological significance. The frost-free period at the 
slough averaged only 32 nights. On the hilltop it was 106 nights. In 
1933 it was roughly conjectured from 3 years’ comparative data that there 
was probably more ecological difference between the slough and the hilltop 
than between Beaverlodge and Lethbridge, 380 miles farther south (though 
539 feet higher than the 2444 feet which represents an average of the 
slough and the hilltop at Beaverlodge). Whether this comparison would 
hold absolutely over a long term is difficult to establish with the data at 
hand, but it seems likely to approximate the truth. Climatologists and 
ecologists are warned that the situation of a given set of meteorological 
instruments should be carefully regarded in the interpretation of its data. 

The undulating contour of the Peace River region and the air drainage 
afforded by its numerous deep ravines increases its adaptability to crop 
production, since the high land may in many instances be chosen for 
residences, gardens and tender crops while frost-hardy crops such as hay, 
green feed, and, to a lesser extent, oats for threshing may be raised in the 
frostier areas. 


SUMMARY 

The Beaverlodge Experimental Station -is situated on the eastward 
slope of a ridge tapering southward, bordered on the east by a frosty 
horseshoe-shaped slough-basin which receives air drainage from all direc¬ 
tions except the southeast, where it has a flat, scrub-fringed outlet. An 
east-west highway ascends the slope along the front of the Station premises, 
with a gradual rise of 134 feet in 214 rods. At the slough-edge and at the 
apex of the ridge, minimum self-registering thermometers placed along the 
roadside were read daily from July 1, 1926, to December 31, 1942, while 4 
intermediate thermometers, placed at equal successive rises, were read 
without serious interruption by accidents from February, 1930 to December, 
1942, inclusive. 

Since July 1, 1926, there were 5802 days of readings accepted as trust¬ 
worthy. On 172 4^hts (nearly 3%) the slough-edge thermometer read 
20 or more degrees lower than the one on the hilltop. As much as 28 
degrees difference has been recorded, and the average spread has been 
nearly 7 degrees Fahrenheit. 

In the 13 years, 1930-42, February had the widest mean spread (9.26 
degrees) of any month, and June the least (4.97 degrees). While the 
colder months showed the greater ruling spreads, this was not rigidly true. 
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Ascending the slope, the spread in readings decreased steadily with 
occasional exceptions, probably attributable to the influence of adjacent 
buildings. The average spread between 1 and 2 was 2.82 degrees; between 

5 and 6, only 0.52 degrees. 

• 

Greatest spreads usually occurred when a cold snap was relenting and 
on the second or third clear night following a storm. Other things equal, 
spreads were most marked on calm, cle^r nights. Rain, snowstorms, 
clouds and humidity appeared to reduce or eliminate them. Wind reduced 
but seldom eliminated them. 

Preliminary readings had shown that thermometers caged feet 
above a lawn might register nightly minima several degrees above uncaged 
ones at the same level, while the latter in turn might register as much as 
8 or 10 degrees above uncaged ones at the ground. Subsequent data has 
shown that such differences coincide with sharp differences between hilltop 
and slough readings. 

In summer the 1.00 p.m. readings appeared to average quite as high 
at the slough as on the hilltop and were sometimes higher. In winter, 
inversion of temperature might persist in some degree throughout the 24 
hours, though not always. 

If a caged-irivStrument reading of 32° F. be taken as frost, the 11-year 
average frost-free period at the slough was only 32 successive nights, whereas 
on the hilltop it averaged 106 nights, and roses have bloomed there in 
November. Thus between these two points a little over half a mile apart 
and 134 feet different in local elevation there is probably nearly as much 
ecological difference as between Beaverlodge and Lethbridge, 380 miles 
farther south. 

Undulating contour in a boreal region increases adaptability by fitting 
the high land for residences, gardens, tender crops and seed grain, while 
the low land may successfully grow fodder. 

The topographical situation of any given set of weather instruments 
should be carefully regarded in the interpretation of its data. 
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THE EFFECTS OF SUBZERO TEMPERATURES ON 
HYPODERMA LINEATUM DEVILL.^ 

R. W. Salt* 

Dominion Entomological Laboratory^ Lethbridge^ Alberta 
[Received for publication October 18, *1944] 

The importance of the two common North American Warble flies, 
Hypoderma Imeatum DeVill. and H, bovis Deg., has been greatly increased 
in recent years. Wartime conditions have made it necessary to carry on 
extensive campaigns to control these pests. Serious gaps in our knowledge 
of their biology have hampered control and eradication measures, and it is 
therefore the purpose of this paper to close one gap by presenting factual 
data on the effects of subzero temperatures on Hypoderfna lineatum. 
Similar studies dealing with IL bovis are not considered necessary, since 
the grubs of this species drop too late in the season to be in danger of 
freezing. 

Heretofore it has been thought that warble grubs and puparia were 
fairly resistant to low temperatures. Bishopp et al. (1) reported observa¬ 
tions on the exposure of small numbers of larvae and pupae to temperatures 
of 7, 9.5, 19, and 25 to 29 degrees F. Most of the material survived, and 
it was concluded that '‘Mature larvae and pupae can withstand rather low 
temperatures.” While this was a statement of considerable importance, 
the evidence was sketchy, and the need of precise data remained. The 
need was a practical one, for in the colder areas of the insects’ range stock- 
men were worried about the time of the first spraying of their stock. Large 
herds are now sprayed with a water suspension of derris and wettable 
sulphur under high pressure, and if the weather is cold or likely to turn cold, 
spraying is not so likely to be carried on. In the meantime, grubs are matur¬ 
ing and some may be dropping from the animals’ backs. Two problems 
are crucial here. First, dp mature grubs actually drop during cold weather 
or even before the danger of cold weather is past, and to what extent? 
Second, what temperatures can dropped grubs survive, and to what tem¬ 
peratures are they likely to be subjected? Only the second of these 
problems is discussed in detail here, but a few observations are presented 
which bear on the early dropping of grubs. 

MATERIAL AND METHODS 

Practically all of the mature grubs and puparia used in thevSe studies 
were obtained from the Livestock Insects Laboratory at Kamloops, B.C., 
through the coutesy of J. D. Gregson and G. P. Holland; the remainder 
were obtained at Lethbridge, Alberta. Larvae were kept on ice for the 
short period before they were frozen; puparia were kept at prevailing out¬ 
ride temperatures and were frozen at ages of 1 to 23 days. All larvae and 
puparia were frozen in the same thermocouple holder, which was con¬ 
structed of rubbeajbid glass (Salt (2)). A copper-constantan thermocouple 
and a sensitive galvanometer allowed continuous reading of the temperature 
to an accuracy of 0.1° C. or better. The freezing chamber was kept at a 
constant temperature of —30°C. throughout the experiments. The rate 
of cooling of all specimens was therefore the same, being about 2.5° per 

I Contribution No. 2329, Division of Entomology, Science Service, Department of Agriculture, Ottawa, 
Canada. 

> Junior Entomologist. 
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minute at O'* C.; 1. 0^* per minute at -13° C.; 0.5° per minute at - 20° C.; 
and 0-25° per minute at -24° C. Larvae and puparia frozen in a wet 
condition, to test the effects of contact moisture, were either dipped into 
water and the excess shaken off, or soaked between layers of damp cellu- 
cotton for several hours. 

RESULTS 

Although the number of larvae and puparia used was fairly small, 
the results of the individual freezings were sufficiently consistent to give 
reliable data. Specimens were frozen both dry and wet, the latter to deter¬ 
mine whether or not contact moisture would seed or inoculate the tissues 
and thereby lessen undercooling. Table 1 summarizes the results for 19 
mature, normally-dropped, active larvae. 


Table 1.— Undercooling points t-or Hypoderma lineata Larvae 


Dry 

W’et 

No. 5 1 

-24.7® C. 

No. 7 1 

-24.4® C. 

14 i 

-24.7 

9 ! 

-17.7 

17 

-24.7 

10 ! 

-24.4 

18 

-23.0 

11 

-24.0 

10 

-25.2 

12 

-23.0 

20 

-22.7 

13 

-24.0 

21 

-19.8 

15 

-25 0 

22 

-21.1 

16 

-25.7 



23 

1 -23 0 



24 

-23.2 



25 

-21 9 

Mean 

-23 4 + 2 0° C. 

1 Mean 

-23 3 ± 2.rC. 


Combined Mean 23 3 + 2 0® C. 

Contact moisture had no effect on undercooling of the larvae. All 
larvae died on being frozen, even if removed from the freezer within a few 
seconds after the rebound started. The lethal temperature range of 
dropped larvae, whether wet or dry, is therefore the undercooling range, as 
represented by Table 1. 

The corresponding experiments with puparia gave similar results. 
Age of the puparia, however, was taken into consideration. Each specimen, 
also, was carefully opened after freezing to determine it? stage of develop¬ 
ment and to see if the contained larva or pupa had l^'cn alive (in all 
probability) before freezing. Table 2 summarizes the data on puparia. 


Table 2.—UNDERCOOLLsr. points of Hypoderma lineata pc^wria 


Larval 

Age 1-2 days 

Pupating 

Age 4-5 days 

Pupal 

Age 20-23 days 

No. 1 drv -24.0° C. 

No. 7 drv -20.1° C. 

No. 9 drv -24.8® C. 

4 drv —23.7 

8 dry -19 9 

10 wet -24.4 

5 dry -22.2 

11 wet -23.9 

12 wet -25.2 

13 dry -24.9 

14 dry —24.6 

16 wet —25.0 

Combined Mean 23.6 ± 1.8® 

C. 
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Again contact moisture had no effect on undercooling, so it may be 
ruled out as a factor with this species. The undercooling range is prac¬ 
tically the same as for the larvae, but less undercooling is noted in the two 
specimens which were in the act of pupating. Freezing was fatal to the 
puparia, as it was to the larvae. 

Tables 1 and 2 show how low the temperature must drop before the 
larvae and pupae freeze and die. What temperatures are they likely to 
encounter in nature? The answer of course varies with the locality. A 
series of temperature readings was made in the Lethbridge district from 
February 15 to March 31, 1944. Readings were taken with a portable 
thermocouple-potentiometer and a copper-constantan thermocouple especi¬ 
ally adapted for penetrating soil, manure, straw, etc., where these materials 
were not packed too hard. Although the pertinent temperatures were 
those on the surface or just under, readings were made to depths as great 
as 10 inches in the straw and manure of feed-lots, and down to hard material 
in other locations. A series of readings was taken during and soon after 
cold spells, and included outside locations where grubs were likely to drop, 
e.g., pasture, corrals and feed-lots. 

In feed-lots, where straw and manure are deep, temperatures did not 
drop below freezing except on the surface. On the other hand, there was 
no danger of overheating if larvae burrowed down into this relatively soft 
material. In corrals, temperatures varied according to the hardness of the 
soil, which in turn was tied up with the amount of straw and manure 
present. The weather was relatively open throughout the entire period, 
with no snow sufficient to cover the ground except from February 28 to 
March 7. Snow was of little value as cover in corrals and feed-lots, as it 
soon was packed down and mixed with straw and manure. Much of it 
was melted by manure and by animals lying down on it. In open pasture, 
however, snow may be of considerable value as an insulator against low 
temperatures. 

The results of this series of temperature readings, along with minimum 
and mean air temperatures, snow cover and the undercooling range, are 
shown in Figure 1. The readings are shown beneath the snow-cover 
figures, and represent the range of temperature readings from soil surface 
to a depth of 1 inch, and from snow surface to soil surface. All tempera¬ 
tures in the figure are on the more familiar Fahrenheit scale. The lowest 
temperature recorded was 8.6° F. (—13°C.) at a point J inch above the 
soil surface, which had a fine semi-covering of snow. This reading was 
taken in pasture; in corrals and a feed-lot nearby the temperatures were 
higher. 

In the vicinity of Lethbridge, during the crucial period from February 
15 to March 31, 1^4, warble grubs and puparia were in little danger of 
freezing. Althougl^the leeway may not seem great, it is considered 
sufficient, especially in view of the lack of protective snow cover this year. 
In addition, very few individuals would freeze at 0° F., the mean under¬ 
cooling point being 10 degrees lower. 

The problem remains, however, to find the extent to which grubs are 
dropped before cold weather is past. The observations presented here are 
admittedly meagre, but indicate that the majority, if not all, of the earliest 
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dropped grubs are immature. Stockmen and technical men alike have 
noticed that very early in the season (February and early March in southern 
Alberta), white larvae, apparently full-grown, are often found stuck to the 
hair of infested stock or protruding partly from the emergence hole, encased 
in a considerable amount of pus. Usually these immature forms are dead 



Figure 1. Minimum U iapcralures, snow cowr, and undercooling range. 


when found, but several living specimens were taken to the laboratory and 
kept to see if they would mature. All of them died within a day or two. 
Four others \vere frozen soon after removal from the b icks of animals 
where each was found stuck in the hair. Their undercooling points were 
— 9.8, —10.5, —14.6 and —5.7°C. These temperatures are dangerously 
high, but in view of the facts that the larvae was fastened securely to the 
hair, were immature, and seemed c nable to mature, the danger of freezing 
is probably unimportant. 

Fully mature grubs have not been observed by the author dropping 
before the danger of cold weather is past, but this may easily be the result 
of chance, as mature grubs are rarely seen emerging in any case. On the 
other hand, the white immature larvae that get stuck in the hair are 
readily seen. Finding an empty cyst may therefore mean the emergence 
of either a mature grub or an immature grub. 
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CONCLUSIONS 

In southern Alberta there is little chance that early dropped warble 
grubs will be frozen and killed. To the stockmen this means that early 
spraying may be necessary. However, there are indications that many, 
if not all, of the early dropped grubs are immature forms, and that these 
are incapable of maturing. Further study of this aspect of the problem is 
of urgent practical importance. 
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BOOK REVIEW 


Food Enough. John D. Black, The Jaques Cattel Press, Lancaster, Penn, 
1943. 269. pages. $2.50. 

Action in the Pacific Area in 1942 brought the food problem into bold 
relief. A situation that had been changing gradually for a year or two 
became a matter of serious concern. Food made the headlines and a good 
deal was written on the subject—some of it critical. In the United States 
acute shortages were predicted and the policies of the Department of 
Agriculture were subjected to criticism. Dr. Black, Professor of Agri¬ 
cultural Economics at Harvard takes his cue—and his statistics—from the 
United States Department of Agriculture, and in the words of his publisher, 
lays “a reassuring hand upon our troubled brows to clarify our thoughts 
in regard to the entire production picture.*’ 

Food Enough is a book for both the layman and those who want their 
information buttressed by facts and figures. It is written in popular style 
but contains as much factual and statistical data as many texts designed 
for those with an analytical and scientific bent. Beginning with the food 
situation in general, with the needs of the armed forces, war workers and 
other civilians, it then proceeds to deal with Allied and enemy food supplies, 
with manpower and machines, with rationing shifts, in consumption, 
production possibilities, relief requirements and the food situation after 
the war. These matters are treated under twenty-one separate chapter 
headings. 

Included in the chapters on the feeding of the armed forces and w^ar 
workers are some interesting statements on nutritional requirements and 
the effect of organized effort to improve dietary standards. The chapter 
on civilian consumption reveals that though but three-quarters of the food 
produced is now available for civilians, no general reduction in civilian 
consumption has taken place. The reason of course is a greatly increased 
output. 

Thirty-two countries draw supplies from the United Slates under 
Lend-Lease Arrangements but the iiiajor part of lend-lease transfers has 
gone to Great Britain and Russia. Cash sales to lend-lease countries to 
January 1, 1943 were greater than lend-lease exports. In the first year 
47% of lend-lease shipments were food but since then the proportion has 
dropped to 20%. 

Quoting the Office of Foreign Agricultural Relations, United States 
Department of Agriculture, Dr. Bi.^^k indicates that the food supplies of 
Continental Europe in March 1943 were 15% below pre-war. The greatest 
reductions are thought to have occurred in swine and poultry production. 
The production of cereals, potatoes and other vegetables has been increased 
to offset meat shortages. German consumption in terms of calories, 
probably the highest in enemy or occupied countries, is estimated at 85 
to 90% of pre-war, while Greece, at the other extreme, dependent to a 
large extent upon imported food, has experienced acute shortages. 
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In this book Dr. Black has capitalized on current interest in the food 
situation but he has done much more than deal with food as an article of 
consumption. His treatment of the subject extends from production 
problems to nutritional standards, and from pre-war programs to post-war 
planning. 

Among the various matters dealt with, the discussion of prices will 
probably be among the most interesting to Canadian readers. While the 
author does not deal extensively with pre-war prices policies he does refer 
to them. And he discusses the price policies of the war period somewhat 
more extensively and critically. In his concluding chapter dealing with 
Food After the War he makes a statement on this matter that will be of 
particular interest to Canadian farmers in view of the price support legis¬ 
lation already enacted in this country. Dealing with United States 
experiences. Dr. Black states:— 

“If we have learned nothing from our attempts to help agriculture 
since 1933, we shall proceed at once to put bottoms under prices of 
farm products and to move the ‘surpluses’ into the ‘ever normal 
granary’; and to keep that granary from getting over full we shall 
establish ‘marketing quotas’ for all non-perishable products. And 
then we shall sit and wait for industry to get going again. 

“But if we have learned wisdom from our experiences, we shall 
not look at the declining prices of foods but at their declining con¬ 
sumption, and we shall set about developing an efficient organization 
and procedure for moving enough of all foods into consumption to 
restore food prices to a working level.*’ 


J. F. Booth. 
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FRAMEWORKING FRUIT TREES^ 

J. J. WooDs^ AND E. \i. Hall* 

Dominion Experimental Station, Saanichton, B.C. 

Frameworking of fruit trees is a relatively recent term to describe a 
comparatively new way of top grafting, new chiefly in the result rather 
than the detail of procedure in uniting scion and stock wood. The ordinary 
method of top grafting is well known and requires no description. Frame¬ 
working requires that practically the whole tree with limbs and branches 
down to one inch in diameter be refurnished with scion wood. This method 
of grafting is, however, applicable chiefly to trees which have reached full 
bearing. From the available literature reviewed by the authors it appears 
that the method was first devised by Messrs. F. and W. A. G. Walker of 
Lalla, Tasmania. The most extensive account of frameworking that has 
been reviewed is an article by Garner and Walker (1). In this publication 
the various details of procedure are discussed and the four methods of 
frameworking, stub grafting, side grafting, inverted L bark grafting, and 
awl grafting, are fully described, together with such matters as application 
of methods, costs and returns and materials used. Upshall (2) describes 
the frameworking method in a recent publication on orchard grafting. 
The purpose of this paper is to describe briefly the procedure used and the 
results obtained at the Dominion Experimental Station, Saanichton, B.C. 

MATERIALS 

The bulk of the grafting work done to date has been on mature pear 
trees of the Bose, Dr. Jules Guyot, and Boussock varieties using Bartlett 
scions. The grafting has been done in early spring when buds have com¬ 
menced to swell and show green but prior to opening of blossoms. Long 
scions with 7 to 9 buds have been used. Less extensive trials have involved 
Amanlis on Dr. Jules Guyot, and the Bachelier pear on stock wood of the 
Chinese variety Yak, which previously had been top grafted on Dr. Jules 
Guyot growing on a nursery root stock. Other preliminary trials have 
been made with apples and plums. 

RESULTS 

For a variety of reasons relatively little success has attended apple 
and plum frameworking but with apples there lias been indication that 
satisfactory results can be expected, though it is doubtful if the frame- 
worked tree will come into as good production the first year as in the case 
of pears. A considerable number of L side grafts have been made and 

» Paper read before the Horticultural Group at the Annual Meeting of the Canadian Society of Technical 
Agriculturists at Toronto. Ontario. June 26 to 29, 1944, and revised to include yield data for the year 1944. 

* Superintendent. 

’Assistant Superintendent. 
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satisfactory union has been obtained. A 28-year-old Duchess tree worked 
over to Merlin in 1943 showed effective union with 80% of the scion wood 
but there was very little fruit in 1944. 

Limited trials with plums have not given as satisfactory results as 
with pears. A Sugar Prune, partly frameworked to Peach Plum in 1942 
resulted in only 50% union of scion and stock. On the same tree using 
Mallard scion wood, results were a failure. The branch on which Mallard 
was worked lacked vigour. In 1944 scion wood of Michelson and Mallard 
worked on a vigorous tree of the Shropshire Damson variety has proved for 
practical purposes a failure both in regard to terminal bark grafts and L 
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side grafts. Over a long period of years a number of plum trees have at 
least in part been top grafted to other varieties with a considerable degree 
of success. Up to the present any recommendations as to results wdth 
apples and plums must be left in abeyance. Especially with plums. in> 
compatability of stock and scion may be an important factory. In all 
frameworking it is, however, necessary to use only trees in a vigorous 
state of growth. 

The first work with pear trees undertaken at this Station was com¬ 
menced in 19v39 by the junior author when a 25-year-old Dr. Jules Guyot 
pear tree was worked over to Bartlett. The method adopted at this time 
and followed since was to cut olT all wood less than one-half inch in diameter, 
leaving nothing but a skeleton (See Figure 1). The L bark graft was adopted 



Figure 2. Frameworked in 1940. Photographed in Feb. 1941. Tree 3 in Tabic 1. 
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for all side grafts and the ordinar>" bark graft for stubs of sufficient size. 
In the case of small stubs cleft grafting has been used, but when sufficient 
skeleton branches of large enough size for bark grafting are available the 
cleft method is not recommended. In 1940 another Dr. Jules Guyot was 
worked over, also a 25-year-old Bose. In 1941 a third Dr. Jules was 
frameworked and in 1942 eight 28-year-old Boussock trees were frame- 
worked and an equal number were top worked by standard methods. 
The 16 trees were in a single row and trees were alternated for the two 
grafting methods. 



Figure 3. Frameworked in March, 1939. Photographed in Aug. 1940. Tree 1 
in Table 1. 

Table 1 gives results obtained from trees frameworked at this station, 
with yields prior to and subsequent to grafting. 
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Table 1.—Total yield of fri it from framlworked pear tkei s with Bartlett scions 


Tree 

Variety 

No. ot 
sc ions 

1937 

lb. 

193X 

lb. 

19.S9 

lb. 

1940 

lb. 

N’leld 

1941 

lb. 

1942 

lb. 

194i 

lb. 

1944 

lb. 

1 

Dr. Jules Guyot 

125 

137 

9 

Frame- 

worked 

9S 

208 

189 

21 

141 

2 

Bose 

112 

271 

356 

157 

1 

Frame- 

worked 

192 

221 

Out 1 

i 

Out 

I 

3 

Dr. Jules Ciuyot 

125 

9 

263 

174 

Frame- 

worked 

162 

1 258 

4 ! 

1 243 

4 

Dr. Jules (i\iyot 

\{)(^ 

15 

229 

171 

176 

Frame- 

worked 

124 

155 

i 

5 

Boussock 

132 

1 


365 ! 

! 136 1 

474 1 

48 

;F rame- 
1 worked 

137 

271 


This table shows that one year iTter frameworkinj:^ the trees came 
into commercial production. It further shows that after the second year 
of production, particularly in trees 1 and 3, that alternate bearin.^^ had 
again become established. Due to the position in which it was growing, 
tree 2 had to be taken out in the fall of 1942. Heavy fruiting the year 
after grafting has caused numerous branches to break but in no instance 
either from wind or weight of fruit have scions been broken out at the 
point of union. 

The 8 Boussock trees grafted in 1942 had a lot of rough, tough old 
bark which is characteristic of mature trees of this variety. It appreciably 
increased the labour in making both the L and bark grafts. The number 
of trees involved in the trial made it possible to obtain more reliable data 
than had previously been obtained as to costs of frameworking and also 
t^ermitted comparisons to top working. Table 2 gives the results obtained. 

Table 2. —Comparative resi lts of frameworking and top workinc'. pear tree>. 1942 


Kind of stock 

Kind of scion 

Number of trees grafted 

Date of grafting 

Total number of scions ^et 

Total hours required in grafting 

Number of scions alive in June 

Mortality in scions 

Time required to remove branches 

Number of buds per scion 

Time to remove suckers during 1942 


The total cost for the 8 top worked and 8 frameworked trees was 
respectively $14.20 and 846.60. The cost in top working includes the 
final grafting operation in 1943. These figures are comparatively high 
due to the very hard bark on the Boussock variety and to the fact that a 
considerable amount of relatively inexperienced labour had to be used. 


4'op worked 
i i)v iisiinl method 

Frameworkc d 

Boussock 

; Boussock 

Bartlett 

' Bartlett 

; 8 

8 

1 .April 9*10 

' April 11-17 

1 171 

1060 

i 28 

90 

171 

950 

0 0% 

10 3% 

-— 

16 hrs. 

2-3 

8-10 

0.75 hrv. 

6.75 hrs. 
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Table 3 presents yields and value of crop for 1943 and 1944 from 
frameworked and top worked Boussock trees using Bartlett scions. 


Table 3.—Production and value of crop (Bartlett) from trees 
GRAFTED IN ApRIL, 1942 


Method of grafting 

\'ield and grade 

Value of crop 

Total 

value of crop 

No. 1 

No. 2 


lb. 

Ib. 

$ 

$ 

Top worked (8 trees) I 





1943 

88 

0 

2.64 

— 

1944 

559 

127 

28.92 

31.56 

Frameworked (8 trees) 





1943 

1098 


32.94 

— 

1944 

991 

781 

70.63 

103.57 


ftrades as shown in Table 3 are based on size of fruit demanded for 
canning purposes. Size of fruit in 1943 for No. 1 grade was 2.00 inches 
and in 1944 the requirement for Grade 1 was 2.125 inches and 2.00 inches 
for Grade 2. The value of the crop is based on selling prices of $60.00 per 
ton for Grade 1 in 1943 and in 1944, $87.50 per ton for Grade 1 and $70.00 
for Grade 2. All prices are f.o.b. cannery. 

In topworked trees (8 trees in 1942) grafting costs were $14.20 for 
8jtrees and revenue $31.56 to the end of 1944. In frameworked trees (8 
trees in 1942) grafting costs were $46.60 and revenue $103.57 for the same 
period. 

CONCLUSIONS 

From frameworking experiments conducted at this Station since 1936 
the following conclusions may be drawn. 

1. With apples, more evidence is needed to show that the extra cost 
of frameworking is justifiable. 

2. With plums there is needed a considerable study to determine 
whether incompatibility of stock and scion is the limiting factor in successful 
frame working and top working. 

3. With pears, highly satisfactory results have been obtained and 
frameworking can be recommended. There has been no evidence of any 
incompatibility when using four different stocks with Bartlett scions, one 
stock with Bachelier scions and another with Amanlis scions. 

4. Only trees in a vigorous healthy state should be used for any graft- 

ing. 
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PROMISING NEW METHODS USED IN PROPAGATION 
OF HYACINTHS' 

J. H. Crossley^ 

Dominion Experimental Station, Saanichton, B.C. 

Any method that will shorten the time required to produce large 
sized flowering bulbs of hyacinths or that will facilitate their propagation 
is of special value in view of their slow natural increase. It is the purpose 
of this paper to describe three new or little known methods and practices 
that have a bearing on these points. The methcxls described are- (1) the 
Saanichton system of propagation, (2) the production of hyacinth bulbs 
from discarded basal plates, and (3) scaling the bulbs after incubation. 
Reference is made to the standard system of hyacinth propagation as it 
relates to the contents of this paper. This is not described because it is 
generally well known to hyacinth propagators. 

HISTORY 

The Saanichton system of propagation is based on the results of experi¬ 
ments conducted at the Dominion Experimental Station at Saanichton. 
B.C. The original experiments were begun prior to 1916. Among other 
things demonstrated by these early experiments was that call using freshly 
cut hyacinth bulbs could be achieved under moist conditions without 
impairing bulblet formation. Thus, the dry phase of callusing was omitted 
resulting in the period for callusing and that for incubation commencing 
simultaneously. This procedure is opposed to the generally accepted 
practice which stipulates that freshly cut bulbs should first be callused 
under dry conditions for a period of 2 to 3 weeks before they can be safely 
incubated under moist conditions (3), (9). Other experiments have shown 
that under Saanichton conditions, the dry period of callusing has an adverse 
effect which increases with the rise in temperature and the duration of the 
exposure. (8). Results from these experiments, which warrant omitting 
the dry callusing period under Saanichton conditions, form the basis for 
the system described. Additional data are needed before the Saanichton 
system can be widely accepted, and experimental work along these lines 
is being continued. 

The planting of basal plates has been done by at least two other pro¬ 
pagators. Generally, however, this means of propagation appears to 
have been overlooked. From the literature available there are no data 
on the subject. 

Scaling, which is separating the scales after incubation so as to leave 
a piece of the parent scale attached to each bulblet, is not a usual practice. 
This method is not mentioned In the literature and is relatively new. On 
the other hand, scaling before incubation Is not uncommon In 1935, 
Luyten (4) described a similar method in which scaling was done before 
incubation. The material used in this case was Hippeastrums. Although 
scaling as outlined in this paper has not been tried by the author, it has 
been carried out successfully by a hyacinth propagator for several years on 
Vancouver Island. 

* Paper read before the Horticultural Group at the Annual Meeting of the Canadian Six'icty of Technical 
.■\griculturists at Toronto, Ontario, June 26 to 26, 1944. 
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MATERIALS AND METHODS 

The Saanichton system of propagation as well as the standard method 
requires that there be a high degree of control of temperature and humidity 
during the incubation period. For this purpose there is used a specially 
built cabinet with thermostatic heat control (Figure 1). It is provided 
with a fan to equalize temperature which is held at 26.7° C. throughout 
the propagation period. Heat is generated by a 100-watt Mazda lamp. 



Figure 1. Specially built cabinet used for incubating hyacinth bulbs in the 
Saanichton system of propagation. The scoopc*d bulbs are placed in gallon crocks 
containing moist sphagnum peat moss. The crocks arc sealed with wax paper to 
retain the moisture in the peat. A 100-watt Mazda lamp generates the heat which 
is distributed by ai^ electric fan and controlled by a thermostat. The figure also 
shows scooped buHjFon screen trays. When this method is used, a solid bottom tray 
is filled with dampened sand. The sand is kept moist during the entire incubating 
period. 

The procedure followed in the Saanichton system is similar to the 
standard method but with one important exception. In the Saanichton 
system the dry period of callusing has been omitted. Instead, the freshly 
cut bulbs are placed directly into moist sphagnum peat moss, or a mixture 
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of moist sand and peat, and incubation started immediately. To maintain 
the proper level of humidity the bulbs and peat are placed in a crock or 
container and covered with a lid consisting of a piece of wax paper held in 
place with an elastic band. A suitable level of moisture when using peat 
alone is approximately 230% on a dry weight basis. During the period 
of incubation the container with its contents is left in the cabinet. Incuba¬ 
tion is completed about October or early November. By this time the 
bulblets have developed sufficiently for planting. For planting, the 
bulblets are left attached to the mother bulbs. 

Bulbs measuring 16 to 20 centimeters in circumference with thick 
fleshy scales and no attached offsets are used for cutting. The bulbs are 
cut with a sharp budding knife (Figure 2). The scooping method of 
cutting is used in preference to scoring or coring. This is done when the 
bulbs are fully rif)ened, which is usually in July. 




Figure 2. 'I'lie scooping fright) ami scoring method of propagating hyacinth bulbs 
as illuslratctl on onions. 'the forim»' mcthotl produces a larg(* number of small 
bulblets; the latter yields fewer but the average si/e is larger. 

Fairly satisfactory substitutes for the controlled tem.jcrature cabinet 
have also been used. These include a glass covered ('old frame and a 
greenhouse propagating frame where the only source of heat is the sun. 
Another type makes use of an oil lamp which more or less controls the 
temperature. Types which give he greatest temperature control are most 
satisfactory. 

The only material required when propagating from basal plates is a 
container filled with moist peat as already described under the Sitanichton 
system. The procedure followed with basal plates which are obtained 
from scooped bulbs is to place the plates immediately into the containers 
with the peat. The most suitable temperatures for the storage of the 
basal plates while in the peat have not been determined but the fluctuating 
temperatures in a greenhouse propagating frame seem satisfactory. In 
November the plates are planted outdoors. 
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The materials required when scaling scooped bulbs are large sized 
greenhouse flats, a quantity of rich compost, some sand and a basement 
or room where the temperature is between 10° and 15° C. The procedure 
now followed is to remove for planting each bulblet with a piece of the 
parent scale attached after incubation is completed. This is in contrast 
to the standard method in which the scooped bulbs are planted intact. 
The bulblets are planted in the flats which contain a lower layer of compost 
and an upper layer of sand. The base of the bulblet is planted so that it 
rests in the sand layer and just above the compost. Sand is screened over 
the bulblets so that the final covering is about 1-J inches deep. The flats 
are kept in a basement until top growth appears, after which they are 
transferred outdoors. This takes place usually after the New Year. The 
bulblets grow in the flats for one season. When they have ripened they 
are harvested and reset in the ground in nursery rows. (Figure 3). 



Figure 3. Harvesting 1-year-old hyacinth bulblets raised from scooped bulbs 
which were .scaled after incubation. Each bulblet was planted individually with a 
piece of attached scale removed from the scooped parent bulb. Planting was done 
in greenhouse flats. The flats were left in a cool basement until top growth appeared 
after which they were transferred outside. The above figure illustrates the method 
of separating the bulblets and copipost after the tops had ripened off in July. 
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RESULTS 

Results from the Saanich ton system have been fairly satisfactory. 
The peat provided a cheap and effective means for maintaining a suitable 
level of humidity. It was also effective in eliminating or reducing moulds 
and storage rots during incubation to a point where they were relatively 
unimportant, hor these reasons routine inspections were reduced from 
several to one or two resulting in a saving of time. Placing the freshly 
cut bulbs immediately into the moist peat eliminated the separate and 
additional operation of callusing under dry conditions. 

Planting basal plates in November. 1942, showed that 30^;^, of the 
bulbs harvested after the first season measured 8 centimeters or more in 
circumference. The largest bulb measured 13 centimeters and two offsets 
were attached. In another experiment from planting basal plates in 1943, 
97% produced satisfactory plants. Of these, 52% produced Howering 
spikes, the majority of which had between 10 and 20 medium sized florets 
each. 

Results from scaling indicate that a saving of one year was obtained. 

DISCUSSION 

The Saanich ton system offers certain advantages that the stanHard 
system does not. This advantage is chiefly a saving in time as a result of: 
(1) the elimination of the dry callusing operation considered essential in 
the standard method, (2) the reduction in the number of routine inspections 
necessary to maintain a level of humidity in keeping with healthy storage 
conditions. The cheap and effective means for maintaining humidity 
which is provided by the peat is also an important cidvantage. Control of 
humidity is usually a problem left to the judgment of the propagator unless 
special apparatus is installed. Though yields from the Saanichton s\ stem 
have not quite equalled those recorded as average elsewhere (3, 9), evidence 
indicates that this may be satisfactorily overcome. fCxperiments along 
this line are continuing. 

The results from planting basal plates show that this method of 
propagation is satisfactory from the standpoint of bulb production. Pro¬ 
pagators are thus given another means of increasing their stocks. Com¬ 
pared with the .scoring practice, propagation from basal plates rates as a 
quicker method of producing larger sized bulbs though the quantity is 
considerably less. 

In regard to the time saved .is a result of scaling bulbs after incubation 
this advantage is evidently the result of the optimal spacing allotted to 
each bulblet. Time consumed in scaling is not excessive. It is possible, 
•however, that this may be a limiting factor where mass production is 
carried on. At present, scaling would appear to merit more extensive use. 

SUMMARY 

I, Three new methods of hyacinth propagation are described. These 
are: (a) the Saanichton system, (b) planting basal plates, (c) scaling 
scooped bulbs after incubation. 
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2. The Saanichton system introduces a different aspect to the com¬ 
monly accepted idea that dry callusing is a prerequisite to the incubation 
phase of propagation. The new system omits the dry phase and in its 
place moist peat is substituted. 

3. Advantages offered by the Saanichton system are: (a) saving in 
time required during propagation, (b) a cheap and effective means for 
maintaining humidity. 

4. The propagation from basal plates which were heretofore discarded 
is considered a satisfactory new method of increasing hyacinth stocks. 

5. Scaling of scooped bulbs after incubation indicates a saving of 
one year in the time required to produce large sized flowering bulbs. 

ACKNOWLEDGMENT 

The author is indebted to Mr. J. J. Woods, superintendent of the 
Dominion Experimental Station, Saanichton, and various members of the 
staff for reading and criticizing the manuscript of this paper. 

REFERENCES 

1. Bailey, L. H. Standard Cyclopedia of Horticulture. 

2. Hottes, a. C. Practical Plant Propagation. 1927. 

3. Griffiths, D. The Production of Hyacinth Bulbs. U.S.D.A. Circ. 112. 1930. 

4. Lu\'TEN, I. Vegetative propagation of Hippeastrums. Yearbook American Amaryllis 

Soc. 2, and Meded. Lab. PI. Physiol. Wageningen 46. 252-60. 1935 and 1936. 

5. Priestly, J. H. and C. F. Swingle. Vegetative propagation from the standpoint of 

plant anatomy. Tech. Bui. 151, U.S.D.A. 1929. 

6. Stevenson, L. S. Bulbs and Bulb Bloom. Dom. Dept. Agri. Bui. 48. 1921. 

7. Report of the Superintendent. Dom. Experimental Station, Saanichton, B.C. 

1942. (Unpublished). 

8. Report of the Superintendent. Dom. Experimental Station, Saanichton, B.C. 

1943. (Unpublished). 

9. Commercial Bulb Production. The Ministrv of Agriculture and Fisheries. London. 

Bui. 62. 1938. 



ANALYSIS OF HORTICULTURAL SOILS^ 

R. Goodwin-Wilson- 
Ontario Agricultural College, Guelph, Ontario 

The use of rapid methods of soil analysis was begun in the Department 
of Horticulture, Ontario Agricultural College in 1937 at the request of 
some commercial florists. At that time much publicity was being given 
to such methods of analysis in trade papers, perhaps causing undue optimism 
among growlers that a “cure-air* had been discovered. This phase w^as 
followed by many disappointments, but as enough growlers remained 
interested the work was continued. 

Spurway (1) procedures were used because his extracting solution for 
the more readily available substances w^as found to be admirably suited 
to the high nutrient levels usually found in greenhouse soils. Records of 
analyses were noted as parts per million and growlers were soon using the 
term “p.p.m” intelligently. The analyses we/e based on the soil extract. 

Each sample of soil was tested foi active (readily available) nitrogen 
as N in the NO 3 form, potassium as K, phosphorus as P, calcium as Ca, 
magnesium as Mg, sulphates as SO 4 and chlorides as Cl. Reserve tests 
were made for phosphorus, potassium, iron and manganese. The total 
soluble salts was determined by the use of a resistance machine, and pH 
by means of either Bromothymolblue or in the case of muck and peat soil 
by means of a glass electrode potentiometer. 

GREENHOUSE SOILS 

(a) Ornamentals 

There are comparatively few persons in Ontario who grow' ornamentals 
under glass extensively and thus it was possible to establish and maintain 
good contact with the industry throughout the developmental phases of 
the work. The growers themselves had important unsolved production 
problems which were readily seen by them because of the nature of their 
business. Good co-operation was received from the growers and in no 
small measure was responsible for the successful development of the project. 
Their records were reliable and any soil manipulation such as the addition 
of fertilizer w as carefully done. 

The general procedure in the attempt to determine suitable nutrient 
levels for the various crops w as as follows. The growx'r sei. i in soil samples 
from specific crops at regular intervals during the growth of the crops. 
Each set of analyses was accompanied by suggested soil treatments, and 
visits were made regularly to study the effect on the crops of the suggested 
treatments. A complete histoiy of each bench in each greenhouse w^as 
kept over a period of years. Eventually it was possible to determine by 
comparison from the accumulated data the approximate optimal levels of 
nutrients for each crop. Now nearly all of the larger greenhouse establish¬ 
ments make full use of quick soil analyses as part of their regular practice 
and many of them have established laboratory facilities of their ow n. 

»Paper read at the Horticultural Group meetings of the Canadian Society of Technical Agriculturists at 
the Annual Meeting at Toronto, Ontario, June 20-29. 1944, 

* Research Assistant, Department of Horticulture, 
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The chief results obtained have been control of the type of growth 
required for a given variety of plant at the different growing phases, 
important savings in the amounts of fertilizers used, the virtual elimination 
of toxic accumulations of nutrient materials, and it has been possible with 
the help of sterilization and leaching to use the same soil more or less 
indefinitely and thus eliminate the tedious'and expensive job of frequent 
soil changes. 

The principal crops grown were, and are, roses, carnations, chrysanthe¬ 
mums, and snaj^ragons. The nutrient levels best suited for the production 
of roses in Ontario were found to be very similar to those recommended by 
American investigators, i.e. nitrate nitrogen 20-25 p.p.m.; phosphorus 
8-12 p.p.m.; potassium 20-30 p.p.m. Chrysanthemum levels were found 
to vary considerably with varieties. Some varieties which are slow growers, 
with small hard foliage, needed nitrate nitrogen levels of 10-12 p.p.m., 
whereas the vegetative varieties needed comparatively low nitrogen levels, 
ranging from trace to S p.p.m. Chrysanthemum requirements for phos¬ 
phorus and potassium were similar to those for roses. Carnations differed 
from roses and chrysanthemums in that they needed a phosphorus level of 
at least 12-16 p.p.m. Snapdragons were found to respond best to very 
low nitrogen levels of trace to 3 p.p.m. of nitrate nitrogen; 8-12 p.p.m. of 
phosphorus and 15-20 p.p.m. potassium. Apart from the various levels of 
nitrogen, phosphorus, potassium, calcium, etc., the Spurway test for sul¬ 
phates and chlorides has been invaluable in preventing the accumulation of 
these residue salts in toxic quantities. 

(b) Vegetables 

A survey is being made of greenhouse soils producing vegetables and 
the method used in an attempt to determine the approximate optimal 
nutrient levels is similar to that described above for ornamentals. Travel 
restriction has curtailed the number of districts included in the survey 
but 26 commercial houses are being visited regularly. It is not possible 
at this time to give definite data, but there are reasonably well founded 
indications concerning good nutrient levels for the two major crops, 
cucumbers and tomatoes. Nitrogen levels varied over a wide range from 
5-20 p.p.m. with satisfactory results and it would appear that from 5-10 
p.p.m. nitrogen is sufficient. Active phosphorus 16 p.p.m. and active 
potassium 30-40 p.p.m. seem to be adequate. 

INTENSIVELY CULTIVATED VEGETABLE SOILS 

(a) Upland 

The number of vegetable growers runs to thousands, and the procedure 
used in an attempt to determine approximate optimal nutrient levels was of 
necessity somewhat different from that used in the study of greenhouse 
soils. It was ^lized, too, that the problem of outdoor crops was much 
more complex In"that an infinite number of soil variations occur, methods 
of husbandry vary greatly and environmental conditions cannot be con¬ 
trolled as under glass. A survey was made in 1941 with the areas to be 
studied selected more or less at random. Thirty-four growers in eight 
districts were chosen, and each was visited at approximately fortnightly 
intervals during the growing season with the purpose of collecting soil 
samples and making observations on any factors other than nutrition 
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which might influence the yield of the crop being studied. Successive 
analyses from each field were characterized by either the maintenance of 
levels for each element or by uniform drifts. Nitrogen was the exception 
in that it fluctuated frequently and rather widely. The crops w^ere graded 
as Good, Fair, and Poor and an attempt was made to assess the effect on 
the grading of such factors as drought and pests. The complete data are 
to be found in a bulletin (2) published in 1942. W e believe that the data 
warrant the assumptions indicated in the following table for the crops 
studied. Those crops included: beets, cabbage, carrots, cauliflower, head 
lettuce, onions, tomatoes, asparagus, egg-plant, radish, sweet pepper, 
parsnips, and celery. 


Table 1.- Nutrient levels for rpL\M> soils in relation to truck crop 
PRODUCTION IN SOUTHE.RN ONTARIO 


Nitrogen in p.p.m. 

Phosphorus 

in p.p.m. 

Pf>r.issiiirn 

in p.p.m. 

Average 

Rang(‘ 

Available { 

ReM 1 ve 

Available 

Reserv'e 

4 + 

'trace to 20 

12-f 

20-t 

i 20 ’ 

50-f Adequate 

2 

'trace to 6 

6 

12 

r”' 

20 Marginal 

1 


Below the al 

hove levels 


Deficient 


The co-operation of the Ontario WVimen’s Institute Branch and the 
members of their “Girls’ Garden Brigade” made it possible to get soil 
samples from 682 farm gardens scattered widely over the province, and 
because these gardens were judged in competition it was possible to obtain 
information on the crop behaviour. Probably the results cover a fair 
cross section of the gardens producing vegetables on a non-commercial 
basis and a summary of the nitrogen, phosphorus, potassium and pH 
levels are given in the following table. 

Summary of Results of Survey of Girls' Garden Brigade Soils 

Nitrogeji 54% low to very low (zero to 1 p.p.m.) 

1% high (6 p.p.m. and up) 

Phosphorus 52% very low (active and reserv^e) 

4%, high (8 p.p.m. and up, active) 

Potassium 50%, ver\ low (active and reserve) 

7% high (20 p.p.m. and up, active) 

5.5%, had a pH of 6.0 or lower, 

(b) Peat and Muck 

Two of the larger muck areas, Thedford Marsh and Bradford Marsh, 
have been under investigation for the past 4 years and the Erieau Marsh 
during the past year. This type of soil presents rather a peculiar problem 
in that the nutrient levels are considerably lower than those found on up¬ 
land soils. This is especially true of the Thedford and Bradford Marshes, 
Despite heavy applications of fertilizer, particularly those of high potash 
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analysis, nutrient levels of nitrogen trace-2 p.p.m., phosphorus 2-5 p.p.m., 
and potassium trace-10 p.p.m., are found producing excellent crops. No 
explanation is offered for this phenomenon at the present time. This is 
not so true of the Erieau Marsh. The nutrient levels in this particular 
area are quite comparable to some of our upland market garden areas. 
This project is still under investigation and the work carried on in the 
Erieau Marsh is being done in co-operation with the Western Ontario 
Experiment Station at Ridgetown and the Department of Chemistry here. 

SUMMARY 

The use of rapid methods of soil analysis is now firmly established in 
greenhouses devoted to the production of florist crops and there is every 
reason to believe that it will become standard practice in greenhouses in 
which vegetables are grown. When sufficient cognizance is taken of 
factors, other than soil nutrients, which m^iy affect vegetables grow'ii 
intensively in upland soils, and when it is remembered that there are often 
hidden factors affecting such crops, it has been demoiivStrated that soil 
analyvses are definitely useful in the production of vegetable crops. 
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SOIL NITRATES UNDER VARIOUS FERTILIZATION AND 
GREEN-MANURE CROPPING SYSTEMS^ 

W. H. Upsiiall^, O. a. liKADP’ AND J, R. vanIIaarlem' 

Horticultural Experiment Station, Vineland Station, Ontario 

A very important element in the nuiriticm of fruit trees is nitrogen, a 
deficiency of which results in poor growth and fruiting, and an excess, in 
susceptibility to disease and winter injury. It is becoming generally 
recogni?.ed that available nitrogen should be in good supply in the soil 
during the spring and early summer to stimulate good growth, but by 
July should be nearly exhausted so that growth may cease. Stoppage of 
growth at this time is desirable to permit the accumulation of carbohydrates 
necessary for good fruit colour and satisfactory wood maturity. 

The maintenance of soil organic matter in orchards is causing some 
concern to growers. In non-sod orchards a sln)rtening of the early-season 
cultivation period permits a longer season for growing green-manure crops 
and a consequent increase in dry malter to be incorporated with the soil. 
Farm manure is being added to many orchards and some growers are using 
straw and old hay. Little is known about the etTects of these treatments on 
soil nitrates except that the incorporation of dry matter, itself low in 
nitrogen, may result in nitrogen starvation of ('ompanion or succeeding 
crop. 

PLAN AND PROCEDURE 

A comprehensive experiment on the maintenance of soil organic matter 
was commenced in 1936 at the Ontario Horticultural Experiment Station. 
Small plots on a fine sandy loam soil were planted to various annual crops 
commonly used as green manures in orchards, l^ach crop plot was divided 
into three sections for differential commercial fertilizer treatment: a, 
unfertilized; b, 400 lb. 0-12-15 fertilizer per acre per year (PK); c, same 
as b plus 300 lb. sulphate of ammonia per acre per year (NPK). Each 
section was 36 feet by 8 feet, approximately 1/150 ot an acre. 

Five buckwheat plots were given the following annual applications: 1, 
farm manure, 10 tons per acre; 2, legume hay. 3 tons per acre; 3, .straw, 
3 tons per acre; 4 and 5, half-rate combinations of straw with the other 
two materials. In dry matter 3 tons of hay and 3 tons of straw are each 
approximately equivalent to 10 tons of farm manure. All fertilization, 
both organic and inorganic, was done about the middle ot May, a few days 
before the green-manure crop was seeded. 

Each crop-fertilizer treatment was in duplicate, occurring in A and B 
Series. Samples for nitriite determinations were taken from the b (PK) 
and c (NPK) sections of certain olots in A Series only. Each soil sample 
was a composite of three borings or diggings in the top 6 inches of each 
section. Tests were made about every two weeks from mid-May to late 
September. Nitrates were determined immediately by the phenoldi- 
sulphonic acid method and the results were calculated as parts p)er million 
on the oven-dry weight basis. 

» Paper read at the Flortfoiiltiiie Group meetings of the Canadian Soi.ietv o: lechnical Agriculturists at 
at the Annual Meeting at Poionto. Ontario, June 26-29, 1944. 
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RESULTS 

The Accumulation of Soil Nitrates under a Buckwheat Green-manure Crop, as 
affected by Applications of Farm Manure, Straw, and Legume Hay 

(a) Without added nitrogen (PK) 

Legume hay alone gave the highest average nitrate readings and, 
except at the beginning of the season, straw alone gave the lowest readings 
(Figure 1). There was little difference between the manure treatment 



Figure 1. Nitrates, 1937-41, under buckwheat green-manure crop, two per 

year, as affected by annual applications of farm manure, straw, and hay, both with 
and without added nitrogen. 


and the straw-hay and straw-manure combinations, though the latter 
tended to be slightly lower in the latter part of the season. Straw, used 
singly, depressed the yield of buckwheat and there was only slight improve¬ 
ment with the straw-manure combination but the straw-hay combination 
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gave yields in line with legume hay, and with manure. The decomposition 
of the straw, a low-nitrogen material, tended to keep the soil nitrates 
relatively low throughout the growing season but at the beginning of the 
next season, soil nitrates were as high in this plot as in any of the others 
except the legume hay plot. 

(b) With added nitrogen (NPK). 

Almost without exception, the addition of 300 lb. per acre of vsulphate 
of ammonia in mid-May increased the soil nitrates throughout the whole 
season (Figure 1), even though the greater growth of buckwheat stimulated 
thereby probably resulted in greater nitrogen usage. The addition of 
nitrogen to the straw plots increased the soil nitrates above the non¬ 
nitrogen plots of the other treatments, and yet high yields of dry matter 
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did not follow. There is a suggestion therefore that factors other than 
nitrogen limitation operate against the growth of buckwheat when straw 
is used by itself. 

The Accumulation of Soil Nitrates tinder Buckwheat, and Rye-millet Green- 
manure Crops 

The comparison is between buckwheat two crops per year, and the 
rye-millet combination (Figure 2). Rye was sown in the fall, plowed 
under in the spring before heading, and millet was planted a few days 
later. While buckwheat left a reserve of nitrates in the soil the millet 
crop very soon reduced the nitrate supply to 1 p.p.m. or less and kept it 
there throughout the balance of the season. The ciddition of 300 lb. per 



FujURE 3. Soil nitrates, 1938'41, under weed green-manure crop from May 15 
and July 15, the latter with and without farm manure and all three treatments with 
and without added nitrogen. 
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acre of sulphate of ammonia merely delayed for about two weeks the almost 
complete usage of nitrate though it did result in almost doubling the 
amount of dry matter obtained from the tops of the plants. 

7 he Accumulation of Soil Nitrates under Weed Green-manure Crops with and 
without Farm Manure 

When weeds were allowed to grow from mid-May onwards the soil 
nitrates were soon reduced to a low level (Figure 3) and nitrogen starvation 
symptoms appeared on the section which had recei\Td no sulphate of 
ammonia. The result was a yield of only 1 ton of dry matter per acre per 
year. Yellow foxtail, barnyard grass and old witch grass made up a high 
proportion of the weeds. The applicaDon of sulphate of ammonia to the 
adjoining section kept the nitrate supply higher throughout the season, 
gave a small proportion of lamb's quarters and pigweed, and doubled the 
yield of dry matter. However, even in this section the nitrates were 
reduced to about 2 p.p.m. from early August onwards. 

W eeds allowed to grow from mid-July were of different species, mostly 
lamb’s quarters and pigweed. These weeds did not show nitrogen star^'a- 
tion symptoms and, on the PK section gave a yield of dry matter of 1 .5 
tons per acre per year, a 50^/^ increase over the weeds which started grow¬ 
ing two months ahead of th(‘m. With nitrogen fertilization (NPK) the 
dry matter rose to 2 tons per acre per year, the same as the comparable 
section on which the weeds started two months earlier. 

There was also a weed plot which received spring applications of 10 
tons of farm manure per acre and on which the weeds are allowed to grow 
after mid-July. The weed population on this plot was similar to that on 
th(* comparable unmanured plot but reached somewhat higher amounts 
of dry matter (Figure 3). In the early part of the season there was not 
much difference in nitrates but later, the manured plot gave slightly higher 
readings. 


DISCI SSION 

In so far as the nitrate suppiv under a buckwheat green-manure crop 
is concerned there appears to be justification for using either legume hay 
or a mixture of straw and legume hay equal parts, as substitutes for farm 
manure whenever the cost of straw and hay compares favourably with 
farm manure. When no nitrogen was applied, half-rate applications of 
straw and farm manure seemed to be slightly less desirable than legume 
hay, and its mixture with stniw both in nitrate accumulation and yield 
of dry matter. However, when . itrogen was added in the spring, the yield 
of dry matter in the buckwheat was equal to ihe other treatments, and 
nitrate accumulation in the top soil was very similar to them. 

Millet, and weeds of the grass family allowed to grow after mid-May, 
kept the nitrates at a very low level. With millet, nitrates were reduced 
to 1 p.p.m. in about one month, and with weeds of the grass family, in 
about two months. On the sections where nitrogen was added, nitrates 
reached this low point about two weeks later in each case. It appears 
therefore that nitrogen starvation of the trees might result in orchards 
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where millet is sown about mid-May or weeds allowed to grow from that 
time. Instances of this condition have been seen in Experiment Station 
orchards and elsewhere in the Niagara District. 

Buckwheat is probably a much safer green-manure crop to use where 
cultivation is being discontinued about the middle of May. For a green- 
manure crop starting in July, when the flush of tree growth is over, millet 
or weeds would probably be quite satisfactory. They might in fact be the 
best green-manure crops on rich soil where fruit colour is poor and winter 
injury a problem. However, if they are being followed by a crop of winter 
rye an application of quickly available nitrogen would be required for the 
best growth of the rye. 

SUMMARY 

1. J udged on the basis of dry matter of buckwheat as a green-manure 
crop and nitrate accumulation under that crop, either legume hay or straw 
or combinations of the two were satisfactory substitutes for farm manure. 
A combination of farm manure and straw was somewhat less satisfactory, 
and where straw was used by itself, even with adequate nitrogen, the 
growth of buckwheat was depressed. 

2. Under buckwheat there was an almost continuous reserve of nitrate, 
whereas under millet, and weeds of the grass family, starting in mid-May, 
the nitrates were soon reduced to negligible amounts. 
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HISTOLOGICAL OBSERVATIONS ON THE LOCATION OF PIG¬ 
MENTS IN THE AKENE WALL OF THE SUNFLOWER 
(HELIANTHUS ANNUUS L.)^ 

E. D. PUTT^ 

[Received for publication December 11, I'Ml] 

Observations of the sunflower fruit, botanically an akene, but com¬ 
monly referred to as a seed, show that it has three layers which may develop 
pigment independently of each other (5). The outer layer is the epidermis 
which may be entirely free of pigment or possess striped patterns of either 
dark brown or black colour. Below this appears a corky layer which 
may be either non-pigmented or solidly coloured with a purple pigment. 
Between the corky layer and the rigid portion of the fruit a solidly black 
or brown coloured layer is often found. No pigment, pigment in any one 
layer, or any combination of the pigments in these different regions may 
occur. 

The purpose of the study herein -eported was to determine the origin 
of these pigments in relation to the development of the ovary wall and 
their location in the mature fruit. 

MATERIALS AND METHODS 

Mature fruits from lines showing no pigment, striped pattern only, 
pigment in all three regions, and purple pigment of the corky layer and a 
striped pattern were studied. For the study of the development of the 
ovary wall and the pigment, a line having the innermost pigment layer 
and the striped pattern was used. Collections from this line were made 
during the summer of 1941 from plants varying in age from those in which 
the inflorescence initials were only about J inch in diameter, to those with 
mature fruits. Bracts were removed from the earlier stages and then a 
portion of the involucre .was fixed. In later stages several individual fruits 
were taken. 

A form-acetic-alcohol solution consisting of 380 cc. of 70% ethyl 
alcohol, 10 cc. of glacial acetic acid, and 22 cc. of formalin (i.e. 40% or 
commercial formaldehyde) was used for fixing and storing. 

Immediately after collectu.ii and immersion in the fixing agent the 
mateiial was subjected to a vacuum, created by a tapwater suction pump, 
for 1 to 2 hours. The decrea.se in volume following ihis treatment was 
made up with 70% ethyl alcohol. 

Ethyl alcohol was used for dehydration. After reaching 100% alcohol, 
the material was allowed to remain in it for 24 hours and then passed 
through a xylol-alcohol series consisting of 5, 10, 15, 25, 50, 75 and 
100% xylol. Stages up to 4 days after flowering required about 80 hours 
and later stages about 140 hours for the complete series. 

Because of the rigid nature of the later stages a rubber-beeswax- 
paraffin mixture (3) was chosen for embedding to facilitate sectioning. 
The mixture consisted of 100 grams of parowax, 4 lo 5 grams of rubber- 

»A summary of studies conducted under the direction of Dr. C. R. Burnham, Depart-nent of Agronomy 
and Plant Genetics, University Farm. St. Paul, Minnesota. o i . c i . v 

* Formerly Agricultural Assistant, Dominion borage Crops Laboratory, Saskatoon, Saskatchewan, now 
temporary Extension Assistant, Poultry Department, Ontario .\gricultural College, Guelph, Ontario. 
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paraffin stock mixture and I gram of beeswax. The rubber-paraffin stock 
mixture was prepared by dissolving 20 grams of raw rubber in 100 grams 
of smoking hot paraffin. Preparation for embedding required about 55 
hours for the earlier stages and 100 hours for the later stages. 

Sections were cut with a rotary microtome at 12.5 microns in the 
earlier stages and 17.5 and 20 microns for the later stages. Acid fuchsin 
(1% in 70% ethyl alcohol) was used for staining. 

OBSERVATIONS 

Cross, radial and tangential sections with reference to the individual 
ovary or fruit are discussed. Unless otherwise indicated, the statements 
in this section refer to fruits possessing the inner layer of pigment and the 
striped pattern, but no purple colour. 

The earliest stage examined, which was about two weeks prior to 
flowering, showed the ovary wall as a mass of parenchymatous tissues with 
the exception of the outer single layer of epidermal cells. Approximately 
4 days before flowering the ovary wall exhibited a characteristic structure 
as shown in the cross section of Figure 1. Under the epidermis a single 
layer of cells was clearly differentiated. A row of vascular bundles was 
evident. Numerous ray-like structures extending from the outer level of 
the vascular bundles to the epidermis were also present. 

Further development up to 1 day after flowering showed the layer of 
cells under the epidermis to be cork initials in which periclinal division 
had occurred as seen in Figure 2a, a cross section through the central part 
of the ovary wall. At this stage the first appearance of pigment was also 
observed in the upper part of the ovary as vshown in Figure 2b, a cross 
section through the upper portion of the same ovary as illustrated in 
Figure 2a. Its appearance is also shown in tangential view in Figure 3 . 
This was the first appearance of the innermost coloured layer which in 
gross morphological studies shows about 6 days after flowering. The most 
striking feature of this pigmented material was its intercellular rather than 
intracellular nature. It appeared in small patches between the cork layer 
and adjoining inner tissue but conformed to no cellular shape or pattern. 
Subsequently, these patches increased in size and coalesced to form an 
amorphous black band with points jutting into the cork layer. These 
points were probably formed by the material filling in the cavities between 
the cork cells. This condition is shown in Figures 4 and 5 which are a 
cross and a radial section of fruits 17 and 25 days after flowering, respec¬ 
tively. Radial sections made at these stages also showecj the pigment was 
present between the cells of the ray-like structures. 

In addition. Figures 4 and 5 show the pigment of the epidermis. 
Figures 6 and 7 complete the account. The former shows a cross section 
through the jund^ture of a black and a white stripe in a mature seed posses¬ 
sing a striped pattern only, while the latter is a section of a mature seed 
showing the pigment in all three regions. The preparation in Figure 7 
was not stained. 

It was apparent that the pigment of the striped pattern was carried 
in the epidermis and is intracellular in nature. It was also seen from 
section illustrated in Figure 6 that the structure of tl)e pigmented and non- 
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pigmented epidermal areas of the striped seed was similar. The cork 
layer of the fruit illustrated in Figure 6 was thinner than in the other 
figures in which the inner layer of pigment was present. However, sections 
of other striped seeds without the inner layer of pigment showed that the 
cork layer may be as thick as that in Figures 4, 5 and 7. Examination of 
white .seeds showed similar cell structures \\ith the entire absence of the 
inner pigment band or any non-pigmented structure in that location. 

In addition to showing the pigment of the epidermis and the inner 
pigment band, the section of Figure 7 also showeel the heavy pigment in 
the cork layer itself. While it could not be seen in this section, since the 
pigment of the coik layer was purple, it was likely anthocyanin in nature 
and thus would be intracellular. This possibility may be checked by 
plasmolysis studies in living tissue. 

The sections of the last four figures also showed that the parenchyma 
below the cork layer became sclerenchymato’is. thus formed the rigid 
part of the seed. The characteristic thick-walled cells were seen in cross 
sections, while the view of h'igure 5 showed the pits found in the cell walls 
of such tissue. 

Investigations were not ciinducted to determine the chemical nature 
of the pigments. As stated above, it was felt the purple pigment of the 
cork layer was an anthocyanin. Hie inner layer, judging by its amorphous 
nature and the manner in which it filled in between the cells, was a resinous 
substance. No suggestion concerning the nature of the striped pigment 
can be made from the studies reported here. 

DISCUSSION 

Putt (.S) has reported that the presence of pigment in the inner layer 
is dominant to its absence and dependent on a single genetic factor differ¬ 
ence. Platchek (4) in earlier work with the “armoui layer”; which, 
judging by his reports as well as those of Arnoldova (1) is synonymous with 
the inner layer discussed here, had also found the difference dependent on 
a single factor pair with pigmentation dominant. From an economic 
standpoint this is a valuable observation since Platchek credits the “armour 
layer” with resistance to larvae of the moth Hornoeosoma iiehulclla. Bird 
and Allen (2) report economic damage to seed crops of sun dowers caused 
by the larvae of 11. eiectellum in Manitoba in 1036. The writer has also 
observed the same insect damaging heads of a seed crop in Saskatchewan 
in several seasons, affecting as high as 15^c plants in 1937. While 

not the same species name as the insect observed by Platchek. the one in 
Western Canada is no doubt clost-y related and may be synonymous. 
Though Platchek through his term “armour layer” implies a mechanical 
resistance, the writer in the present study has found the thick layer of 
sclerenchyma to be similar in both types of fruits. The resistance appears 
rather to be contributed by the inner pigment itself and thus to be physio¬ 
logic in nature through repulsion of or toxicitv' to the insei't larvae. 

With the recent expansion of acreage of sunflowers being produced for 
seed in Western Canada the population of this insect, Homocosoma elec- 
telkim, will likely increase. Consequently, the incorporation of the inner 
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pigment layer with its associated insect resistance into new varieties appears 
to be a highly desirable objective of the breeding program. Because of 
the simplicity of its inheritance this objective could be easily attained. 

The economic aspects of the other pigments observed are not yet 
known. Nor is much known concerning their inheritance. Preliminary 
observations indicate that the purple condition and the absence of striping 
are dominant to their respective contrasting characters. Segregating 
generations indicate complex inheritance. 

SUMMARY 

1. Histological studies of the wall of sunflower ovaries and fruits at 
stages ranging from before flowering up to maturity are reported. 

2. The striped layer of pigment is contained in the epidermis of the 
ovary wall and is intracellular. 

3. Purple pigment, believed intracellular, is found in the cork layer 
immediately below the epidermis of the ovary wall. 

4. The inner pigment layer consists of an amorphous darkly pigmented 
substance which fills the intercellular spaces between the cork layer and 
the adjoining sclerenchyma tissue. It may be a resinous material. 

5. No structural difference was observed between fruits with and with¬ 
out various pigments. 

6. The amorphous layer appears to be synonymous with the '‘armour 
layer” of Platchek. Since he credits it with resistance to larvae of the 
moth Homoeosoma nebullela the incorporation of this layer into new varieties 
of sunflowers for seed production seems desirable. 
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Fuii RR 4. Cross M'clit)!! 17 days after flowering; sliowin^ ttaidency of iniUM* 
ainorplious pi^nu nl la\er to fill intercellular spaces and also thi‘ earl> appearance and 
ini raced ular location of the epidermal pij^menl. 

Fic.urk vS. kadicjl^'Ction 2.S days after flowering showing inner amorphous pigment 
layer lillin^ intercellulai spaces of cork layer intracellular nature of epidcanial pigment 
and pits characteristic of sclerenchymatous tissue. 

Fic.URK 6. Cross s(‘ction through junction of black and white stripe* of mature 
fruit i^ossessins^ epidermal pigment only. Note similarit> of structure compared with 
fruits possessing other pii;ment. 

Figurk 7. Fnstained cross section of fruit possessing' epidermal pigment, purple 
pigment in cork layer and also the inner amorphous pigment layer. 


SOME FACTORS AFFECTING APPLE YIELDS IN THE 
OKANAGAN VALLEY 

I. TREE SIZE, TREE VIGOUR, BIENNIAL BEARING, AND 
DISTANCE OF PLANTING’ 

J. C. Wilcox* 

Dominion Experimental Station, Summerland, B.C. 

[Received for publication September 6, 1944] 

The major apple producing section of British Columbia is in the 
Okanagan Valley and adjacent areas, in the southern interior of the 
province. For a number of reasons—some known, some unknown—the 
yield of apples in the Okanagan has not been as high on the average as 
has seemed desirable. For example, data compiled by the British Columbia 
Department of Agriculture (3) are summarized in Table 1. It will be 
seen that over a 4-year period, the average production per acre was only 


Table 1. —Apple acrka(;e and production in the Okanagan \"alley, 1937 to 1940* 


Variety 

Acreap^ef 

Averajje annual yield 

Yield per acref 


acres 

boxes 

boxes 

McIntosh 

4,788 

1,739,000 

456 

Deliciou.s 

3,418 

628,000 

270 

Jonathan 

2,122 

616,000 

342 

Newtown 

1,626 1 

366,000 

318 

Winesap 

1,380 

224,000 

330 

Wealthy 

981 

271,000 

288 

Rome Beauty 

904 1 

246,000 

312 

Stayman 

452 

88,000 

354 

Duchess 

209 

57,000 

300 

Others 

2,317 

974,000 

306 

Total 

18,197 

5,209,000 

378 


♦ Compiled from data supplied by the British Columbia Department of Agriculture, 
t Acreage in 1940, including both bcaiing trees and young trees. 

t Based on assumption that production is almost entirely from trees 10 or more years old. 


378 packed bushel boxes. The McIntosh variety contributed the most, 
both in total acreage and in yield per acre. Even the average McIntosh 
yield of 456 boxes per acre, however, cannot be considered impressive. As 
noted later in this report, this variety can and does produce -under favour¬ 
able circumstances—up to 1000 packed boxes per acre per year. 

Both research and observation indicate that a large number ot factors 
have been instrumental in limiting apple yields in the Okanagan Valley. 
Some of these factors may be cla. sed as directly nutritional in nature, 
others as only indirectly nutritional or as non-nutritional. Among the 
latter two classes may be mentioned codling moth, apple scab, crown rot, 
and winter injury, which are the subjects of research by representatives of 
both the Dominion and Provincial Departments of Agriculture. The 

1 Contribution No. 636 from the Division of Horticulture, Dominion Experimental Farms Service, Canada. 
This paper is a condensation of part of a thesis presented to the State College of Washington in partial fulfil¬ 
ment of the requirements for a Ph.D. degree in Horticulture. 

* Assistant Superintendent in charge of nutritional investigations with tree fruits. 
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nutritional phase of the problem has also received much attention, partly 
through field tests of fertilizers, partly through minor element studies, and 
partly through soil and tissue analyses. In studies of the major elements 
conducted by the author, both the field application and analysis methods 
have been used. 

In 1937, an investigation was started to determine the relationships 
between certain selected factors and apple tree performance. The primary 
factors selected for study were size of tree, distance of planting, vigour of 
tree, biennial bearing, N-P-K-Ca-Mg status of the tree, P-K-Ca-Mg status 
of the soil, soil texture, soil depth, soil pH, soil organic matter, moisture 
holding capacity of the soil, and root distribution. It was desired to 
determine the effects of these factors on mature, bearing trees growing 
under typical orchard conditions. The type of investigation decided 
upon, therefore, was a survey of selected groups of trees growing under a 
wide variety of conditions, the recording of the required data from these 
trees and from the soil, and the examination of these data by suitable 
statistical procedures. Most phases of this investigation have now been 
completed, and it is proposed to report the findings in a series of papers. 
This present paper covers the relationships found among tree size, tree 
vigour, biennial bearing, distance of planting, and tree yield. 

REVIEW OF LITERATURE 

No attempt will be made at this time to review in detail the relation¬ 
ships between nutritional factors and apple tree performance. It will be 
considered sufficient to note some of the major findings by other workers 
with respect to the three primary factors discussed in this paper; that is, 
size of tree, vigour of tree, and biennial bearing. 

Size of Tree 

A review of the literature on this factor will be found in a previous 
paper by the author (20). In that paper, it was reported that as McIntosh 
trees increased in size, the yield tended to increase. This increase was in 
direct proportion to the geometric mean of the circumference and the cross- 
sectional area of the trunk. It was found that in computing the per-acre 
yields, it was advantageous to relate the size of tree to the area of ground 
occupied per tree. In 1941, Overholser, Overley and Wilcox (12) reported 
highly significant positive correlations with Jonathan and Rome trees 
between both trunk circumference and trunk area on the one hand and 
yield of apples on the other hand. 

Tree Vigour 

Work done prior to 1937 on the relationship between tree growth and 
tree yield has be^ reviewed previously by the author (18). In 1937, 
Overholser, Ove#^ and Barnhill (11) reported positive correlations 
between terminal length and increase in trunk circumference on the one 
hand and yield of apple trees on the other hand. In 1941, Overholser, 
Overley and Wilcox (12) reported highly significant positive correlations 
between terminal length and yield with Jonathan, but not with Rome or 
Winesap; and between increase in trunk circumference and yield with 
Jonathan and Winesap but not with Rome. 
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Biennial Bearing 

It has occasionally been reported by investigators (14) that trees 
bearing biennially do not bear as heavily over a period of years as do trees 
bearing annually. The data supporting this contention, however, appear 
to be somewhat meagre. 

Biennial bearing has been found by a number of workers to be in¬ 
fluenced by the vigour of the trees. Roberts (13) reported in 1920 that 
high vigour was needed to maintain annual bearing. For annual bearing 
of the McIntosh, at least 12 to 16 inches of terminal growth were required. 
Since then he has reported similar findings (14). Bradford (2) found annual 
bearing to be induced by spring applications of nitrogenous fertilizers. 
Hooker (10) obtained similar results with fall applications. Harley and 
his co-workers have reported at different times (7, 8) that a high degree of 
vigour is necessary if other methods of inducing annual bearing are to be 
effective. A high degree of vigour by itself, however, was not found 
sufficient to induce annual bearing. This last has also been reported by 
Dorsey (5), Auchter and Schrader (1), Dickson (4) and Wallace and Spinks 
(16), who have increased tree vigour by pruning and by fertilizing with 
nitrogen, but have had little success from these treatments alone in over¬ 
coming biennial bearing. 

Biennial bearing has been shown by a number of workers to cause 
differential effects on tree growth in two successive years. The literature 
on this prior to 1937 was covered by the author in a previous paper (18). 
In that paper, it was reported that the increase in trunk circumference 
was greater in the off year, but that the reverse was true of the terminal 
length. Similar findings were reported by Overholser, Overley and Wilcox 
(12) in 1941. 


PROCEDURE 

Selection of Trees 

Only one variety of apple, the McIntosh, was used in this investigation. 
In 1937, some 400 bearing McIntosh trees were selected in grower-owned 
orchards. A deliberate attempt was made to include all the major soil 
series found in the irrigated part of the Okanagan Willey, as well as a 
wide variety of cultural treatments. The purpose in doing this was to 
include trees differing widely in bearing ability and in the factors being 
studied. Five McIntosh trees were selected in each plot of three fertilizer 
experiments in grower-owned orchards^; and in each of a number of other 
orchards, one or two groups of trees were chosen, usually with 5 trees to 
a group. wSome groups were in straight rows, some in solid blocks. For 
want of a better term, these groufis were called “plots.” Except in the 
three special fertilizer experiments, all orchard operations (including 
fertilizing) were conducted by the growers in accordance with their own 
orchard routine. 

Considerable care was exercised in selecting the trees. It was required 
that they be bearing, and mature or nearly so (Figure 1); that they appear 
healthy; and that they be w'ell cared for by the growers, except in so far 
as fertilizing was concerned. Failure to fertilize, or to do so in wffiat 

* Two of these experiments were conducted by Mr. B, Hoy, of the British Columbia Department ot 
Agriculture, and one was conducted by the author. 
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appeared inadequate amounts, was considered desirable in a certain pro- 
protion of the plots. Actually, a wide variation in the kind and amount of 
fertilizer used was included. The distance apart of the trees varied from 
25 X 25 feet on the hexagonal to 35 X 35 feet on the square. In spite of 
the care in selection, it was found necessary in 1938 and 1939 to eliminate 
a number of plots. One reason was that the tree yields were found not 
to be suitable for comparison purposes unless each tree was surrounded on 
all sides by other trees of similar size and condition (20), and a number of 
the plots had been poorly selected in this respect. In addition, a few 

Table 2.—Plot and tree distribution 


— 

Plot letter 

No. of growers 

Nq. of plots 

No. of trees 

Penticton 

1 

P 

4 

9 

35 

Suninierland 

S 

2 

2 

10 

Trepanier 

V 

3 

6 

23 

East Kelowna 

K 

10 

! 23 

95 

Belgo 

B 

6 

10 

46 

Glen more 

C. 

4 

7 

32 

Winfield 

W 

4 

7 

29 

Oyama 

0 

4 

4 

20 

Total 


1 

37 

68 

290 


growers were unable to assist in recording the yields. These plots were 
partially replaced by others, selected in 1938 and 1939. The numbers of 
plots and trees finally used in each district are summarized in Table 2, 
and the 290 trees selected for statistical analysis are listed individually in 
Table 9 in the Appendix. 

Tree Records 

From 1937 to 1942, records were taken annually on trunk circum¬ 
ference, terminal length, total yield, and “profitable” yield (from 1939 
only). In addition, observational notes were taken on disease and insect 
injury, fertilizer treatment, cover crop treatment, methods of irrigation, 
degree of thinning, type and severity of pruning, and any other factor that 
it was felt might have a bearing on the results. 

The methods u^ed in recording the trunk circumference and terminal 
length have already been described (17, 18). Both wpre measured in 
centimetres, to the nearest 0.1 centimetre. The terminal length procedure 
was shortened somewhat by selecting only 10 typical terminals per tree, 
and by measuring them consecutively along a .steel tape and recording the 
total only. the trunk circumference were calculated the cross- 

sectional area o^he trunk, and the geometric mean between this and the 
trunk circumference. This last was found previously by the author (20) 
to be the best index of size of tree with the McIntosh, and was the one used 
in reaching the final conclusions in this invCvStigation. To obtain a measure 
of tree size per unit of ground area occupied, the “geometric mean” was 
divided by the area of ground occupied per tree, in square feet (20). This 
measure was called the “trunk-ground ratio.” 
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Terminal shoots were collected just prior to harvest in 1939 and 1940, 
for chemical analysis. The tip 5-cm. p)ortions of 20 twigs per tree were 
selected each year, from the same type of terminal as was used for measuring 
terminal lengths. These twigs were dried and weighed, and the weights 
used as an indication of twig diameter. The chemical analyses will be 
reported in a sub.sequent paper. 



Figure 1. Plot K54. In this plot, the trees were starting to meet in the centres. 

This was t\ pical of a hij>h percentage of the McIntosh plots. 

To obtain the yield per tree, a lag was tacked to each tree prior to 
picking, and the grower marked down the number of loose bushel boxes 
picked, to the nearest half box. The accuracy of these records was checked 
by careful preharvest estimates. In a few cases, they were found to be 
unreliable and so were not used. The totcil yield per tree was obtained by 
adding together the bo.xes recorded at each picking plus the fruit on the 
ground. It was multiplied by the trees per acre to obtain the yield per 
acre. 

In addition to total yield, “profitable” yield was recorded. This was 
considered to be fruit that showed more of solid red colour and that 

fell within the diameter range of 2:} to 31 inches. Insect, disease, and 
mechanical injuries were ignored in making this classification. Just prior 
to harvest, careful estimates were made by three experienced workers of 
the “non-profitable” fruit on each tree. These estimates were checked 
by grading the fruit from a numb»'r of the trees Deducting the non- 
profitable yields from the total yields gave the profitable yields. 

The total yield per tree w^as list'd in determining the degree of biennial 
bearing. From the yields of each two consecutixe years was calculated 
their “biennial bearing index,” as follows: 

. , , . . , 100 (difference betw'een two yields) 

Biennial bearing index = - - --— - 

sum of tw’O yields 

Complete annual bearing gave an index of zero, and complete biennial 
bearing an index of 100. When the yield of the second year was the 
heavier, the index bore a plus sign; and when the yield of the first year 
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was the heavier, it bore a minus sij?n. In computing averages over a 
period of years, these signs were ignored. The biennial bearing index is a 
modification of the *‘I value” used by Hoblyn, Grubb, Painter and Wates 
(9). Biennial indices were also calculated for increase in trunk circum¬ 
ference, for terminal length, and for twig weight. 

Statistical A nalysis 

VVherev'er the data were available, averages were calculated for each 
two successive years (i.e. for 1937 and 1938, for 1938 and 1939, etc.), and 
for each four successiv^e years (i.e. 1937 to 1940, 1938 to 1941, and 1939 to 
1942). In addition, averages were determined for five-year periods in 
certain cases, where the biennial bearing status changed during the course 
of the investigation. This will be discussed more fully under “Results.” 
Primarily because of changes in the biennial bearing status, some periods 
were considered to provide more reliable averages than others. For a 
final summary of the data, the most reliable four- and five-year averages 
were used. These are presented in Table 9 in the Appendix, and the 
periods used in calculating the averages are indicated. 

The principal methods used in analysing the data were correlation, 
regression, analysis of covariance, and scatter diagram studies (6, 15). In 
order to obtain data for further scatter diagram studies, the individual 
yields were adjusted, in order, for differences in size of tree, in tree vigour 
and in biennial bearing, by the covariance method. The data used to 
represent these three factors vv’ere trunk-ground ratio, terminal length, 
and biennial bearing index, respectively. The same studies were then 
made on these adjusted yields as were made on the unadjusted yields. 

A scatter diagram was prepared for each pair of data correlated. By 
this means, it was possible to observe any wide deviations from the general 
trends. In each scatter diagram involving yield, also, an examination of 
the points was made in an attempt to determine approximately the “line 
of maximum yields.” In most charts involving yield, the highest yields 
show some degree of continuity across the chart, such that a line could be 
drawn through the general area of*these highest points. This line, there¬ 
fore, represented approximately the highest yields actually obtained at 
each value of the factor concerned. It has proved useful in several ways; 
for example, setting standards of production toward which apple growers 
in the Okanagan should aim, and in indicating approximately the optimum 
values of the factor concerned. 


RESULTS 

So many records hav'^e been obtained during the six-year period that 
it would not be^^asible to report all of them. It will be considered sufficient 
to present the most pertinent parts of the “summary” data, which will be 
found in Table 9 in the Appendix. For the most part, the findings obtained 
from analysing the summary data are of the same nature as those obtained 
from the two-year averages and from the other four-year averages. In 
order to shorten the presentation, accordingly, the findings from the 
summary data are the ones stressed in this paper. Where there has been 
any deviation from the “summary” results, this will be noted. 



December, 1944] 


WILCOX—APPLE YIELD IN OKANAGAN VALLEY 


19S 


Changes in Biennial Bearing Status 

Most of the 290 trees selected for study showed consistency in their 
yield pro.e^ression. Some were completely biennial bearers and some almost 
completely annual bearers, with all stai^es between represented. In view 
of the fact that the profitable yields were not recorded until 1930, the 
summary data for the trees showing no breaks in progn'ssion were ol^tained 
by averaging the records for the four years 1939-42. 

Quite a number of the trees did show breaks in their yield pro^oevssion. 
These breaks commenced in some plots with exceptionally heavy yields in 

1940, due to causes unknown, and in some plots with very lii^ht yields in 

1941, due apparently to frost injury and tarnish(‘d plant biij^. The effects 
of the 1940 conditions may be illustrated with four trees, whose yields (in 
boxes per tree) from 1937 to 1942 were as follows: 



1937 

1938 

1939 

1940 

1941 

1942 

B34E: 

5 

46 

0 

47 

2 

36 

K25A: 

44 

0 

59 

37 

30 

37 

K7B: 

19 

6 

27 

29 

0 

22 

K7D: 

20 

24 

28 

41 

0 

24 


With tree B34R, the yield progresvsion was not affected. With tree K25A, 
biennial bearing was changed into almost-annual bearing. With tree K7B, 
the year of heavy bearing was changed. And with tree* K7I), almost 
annual bearing was changed into definitely biennial bearing. The years 
selected for the summary data were 1939-42 with tree B34E, 1938-42 with 
trees K25A and K70, and 1938-41 with tree K7B. The exceptionally 
light crop) in som(‘ plots in 1941 had just the opposite effects on the yield 
progression. 

Some Effects of Biennial Bearing 

The effects of off-and-on-year bearing on the growth of the trees 
were determined by means of correlations between each pair of biennial 
indices. The results for 1939-40 are summari/ed in Table 3. An examina¬ 
tion of the records for eacdi two succcvssive years reveals that the relation¬ 
ships indicated in this table were not confined to the 1939-40 data, but 
were general. Certain conclusions appear to be justified, as follows: 

Tarle 3.— Correlations between 1939-40 biennial indices 


Two sets of data a n elated 

Coefficient 
of correlation 

Biennial bearing index 

Biennial bearing index 

Biennial bearing index 

Biennial trunk index 

Biennial trunk index 

Biennial terminal index 

1 . . 

Biennial trunk index* 

Biennial terminal index 

Biennial twig weight index* 

Biennial terminal index 

Itiennial twig weight index 

Biennial t\\ ig weight index 

-.729 (HS)t 
+ .634 (HS) 
-.625 (HS) 
-.536 (HS) 

+ .520 (HS) 
-.561 (HS) 


• ^'Biennial trunk index” is short for “biennial increase in trunk circumference index.” “Twig weight” 
refers to the weight of the tip 5 cm. of the terminal shoots. 

t HS stands for highly significant, with odds greater than 99 : 1. 
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1. In the on year, the increase in trunk circumference was consider¬ 
ably less than in the off year. This was definitely the closest relationship 
of those reported in Table 3. 

2. In the on year, the terminals tended to be longer than in the off 
year. As noted in a previous paper by the author (18), this is no doubt a 
secondary relationship; that is, the length of terminal is dependent in 
large measure on the amount of food stored the previous season, which in 
turn is directly dependent on the size of crop that same year. 

3. In the on year, the twigs tended to be lighter than in the off year. 
This may be explained by the fact that in the on year the annual thickness 
in new growth is less all over the tree (18). As confirmation of this, there 
was a high positive correlation between the year of heavy twigs and the 
year of large increase in trunk circumference. 

4. As would be expected from the above relationships, there were 
strong tendencies for both the increase in trunk circumference and the 
twig weight per unit length to be high the same year that the terminals 
were short. 

These findings corroborate those reported previously by the author 
(17, 18). It is apparent that when the general relationship between any 
one factor and yield is being studied, a single year’s records are not as 
reliable as are two-year or four-year averages. 

The standard deviations of the 1939-40 data used in the above corre¬ 
lations were as follows: 


Biennial bearing index 

52.5 

Biennial trunk increase index 

24.3 

Biennial terminal index 

18.2 

Biennial twig weight index 

8.2 


Each index has a mean of approximately zero. The higher the standard 
deviation, therefore, the greater were the relative differences between the 
1939 records and the 1940 records; that is, the greater was the “biennial” 
tendency. 

Summary Data 

The minima, maxima, means, and coefficients of variability of the 
principal summary data are shown in Table 4. It will be noted that there 
was a wide range of values represented by each type of measurement. 


Table 4.—Range and variability of summary data 


Measurement 

Minimum 

Maximum 

n 

Coefficient 

of 

variability* 

“Total” yield, in l^se boxes per acre 
“Profitable” yield, in loose boxes per 
acre 

503 

1982 

1098 

26.6 

436 

1592 

941 

25.6 

Trunk-ground ratio 

0.20 

0.61 

0.34 

20.3 

Increase in trunk circumference, in cm. 

1.21 

5.60 

2.69 

29.3 

Terminal length, in cm. 

11.5 

42.9 

25.5 

20.0 

Biennial bearing index 

2 

100 

51 . 

48.6 


* The coefficient of variability ii obtained by dividing the standard deviation by the mean, and multiply¬ 
ing by 100. 
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This was especially true of the biennial bearing index, which showed an 
exceptionally high coefficient of variability. A comparison with Table 1 
indicates that the yields on these 290 trees averaged somewhat higher than 
the Mclhtosh mean for the Valley, even after taking into account the fact 
that it requires about 10 loose boxes to fill 7 packed boxes. 

Summary Correlations 

Some of the more important correlations that were obtained from the 
summary data are presented in Table 5. Only those partial correlations 
are shown that it was considered might add to the general information. 
For the most part, the coefficients indicated are similar to those obtained 
in each of the two-year periods from 1937 to 1942. Some exceptions to 
this general agreement, however, will be noted. Among the more important 
relationships revealed by the correlations are the following: 

Table 5.—Some correlations obtained from the “summary" data 


Two sets of data correlated 

Factors eliminated 

Coefficient 
of correlation 

Trunk-ground ratio 

Terminal length 

None 

+ .042 (NS)* 

Trunk-ground ratio 

Biennial bearing index 

None 

+ .040 (NS) 

Terminal length 

Biennial bearing index 

None 

-.064 (NS) 

Total yield 

Trunk-ground ratio 

None 

+ .427 (HS) 

Total yield 

Terminal length 

None 

+ .252 (HS) 

Total yield 

Terminal length 

Trunk-ground ratio 

+ .260 (HS) 

Total yield 

Biennial bearing index 

None 

-.441 (HS) 

Total yield 

Biennial bearing index 

'I'erminal length 

-.442 (HS) 

Total yield 

Biennial bearing index 

IVunk-ground ratio 
Terminal length 

-.526 (HS) 

Total yield 

Trunk increase 

Trunk-ground ratio 

+ .144 (S) 

Profitable yield 

Trunk-ground ratio 

None 

+ .389 (HS) 

Profitable yield 

Terminal length 

Trunk-ground ratio 

+ .087 (NS) 

Profitable yield 

Biennial bearing index 

None 

-.388 (HS) 

Profitable yield 

Biennial bearing index 

Trunk-ground ratio 

-.450 (HS) 


* NS—Non-significant, with odds less than 19 :1. 

S—Significant, with odds between 19 ; 1 and 99 ; 1. 
HS—Highly significant, with odds greater than 99 :1. 


1. Size of tree. An increase in size of tree (as measured by the trunk- 
ground ratio) was accompanied by no significant change in terminal length 
or in degree of biennial bearing. There does not appear to be any funda- 
*mental relationship represented by these correlations. As would be 
expected, however, the larger trees tended to bear heavier crops. 
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2. Terminal length. In view of the findings already noted by other 
investigators (2, 8, 10, 13, 14), the low correlation between terminal length 
and biennial bearing index is rather surprising. It should be noted that 
in 1937-38 this correlation was —0.320, and in 1940-41 it was —0.156, 
both '‘significant.” Even assuming that there has been some effect of 
vigour on biennial bearing, the indications are that certain other factors 
have had a still greater effect. Observation indicates that these other 
factors are primarily meteorological in nature, in the area included in this 
investigation. 

3. Increase in trunk circumference. The correlation between trunk 
increase and total yield was distinctly lower than that between terminal 
length and total yield, which contrasts with the higher correlation (already 
noted) between trunk increase and yield in any one year. This finding is 
interpreted as indicating that with the trees used in this invevStigation, 
those conditions in the tree associated with the terminal growth have, over 
a period of years, been more directly related to total yield than have those 
conditions associated with trunk growth. This points to terminal length 
being the more useful measure of tree vigour in routine work. As suggested 
previously by the author (19), however, both measurements are distinctly 
useful for this purpose. 

4. Biennial bearing. It is sufficient to note that all correlations 
between biennial bearing and yield have been negative and “highly signi¬ 
ficant.” In other words, there has been a marked tendency for the trees 
bearing biennially to have both lower total yields and lower profitable 
yields than those bearing annually. 

Scatter Diagram Studies 

Scatter diagrams were made of every pair of factors correlated. By 
this means, any abnormalities in the general trends were determined. 
Two different types of distribution are illustrated in Figures 2, 3 and 4. 
In the first type (Figures 2 and 4), the distribution shows a consistent 
trend in the one direction. The trend is positive in Figure 2, and negative 
in Figure 4. In the second type (Figure 3), the trend appears to change 
as the factor increases. 

As already noted under “Procedure,” maximum-yield lines were 
drawn in each scatter diagram involving yield. In most of the diagrams, 
these lines showed the same general trends as did the regression lines 
(Figure 2). An exception to this was where profitable yield was plotted 
against terminal lij|gth (Figure 3). The contrast between this and total 
yield plotted against terminal length was both marked and consistent, not 
only with the summary data but also with the two-year averages. As the 
terminal length increased, the maximum line of total yield increased 
steadily throughout almost the whole range (Figure 2), but the maximum 
line of profitable yield increased to a maximum at a terminal length of 25 
to 30 cm. and then decreased again (Figure 3). When profitable yield was 
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plotted against terminal length within the highest frequency size groups of 
the other major factors, the results were practically the same. There is 
thus no evidence that the change in direction of the line of maximum yields 
was due to interaction between factors. 

When a correlation is close to zero and the slope of the regression line 
is very low, it is usual for the distribution of points in the scatter diagram 
to assume an oval shape. In such a case, the line of maximum yields tends 
to rise to a maximum][and to fall again. The question arises as to whether 
this might be the primary cause of the shape of the line of maximum yields 
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in Figure 3. A comparison with a large number of other scatter diagrams 
representing low correlations indicates that it is not. It is not usual for 
the rise and fall to be as steep in relation to the ranges of the factor and 
function as they are in Figure 3. 



Figure 3. Scatter diagram of profitable yield per acre plotted against terminal 
length. The yields have been adjusted for differences in size of tree./ r *= -f- 0.087 
(Table 5). 


The second degree polynomial regression line (6, 15) of the distribution 
in Figure 3 was fo||pd to be a curve with the equation 
y = 1040 - 1.075 a; - .01865 
in which y == profitable yield per acre, 
and X = terminal length. 

The maximum point on this curve comes at a terminal length of 28.8 
cm. The sum of the squared deviations of yields, from this curvilinear 
regression line, is not significantly different from that of the rectilinear 




December, 1944] wiLcox — apple yield in okanagan valley 201 

regression line. However, the curvilinear line was considered to provide 
further evidence that the optimum terminal length lay somewhere between 
25 cm. and 30 cm. 
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Figure 4. Scatter diagram of total yield per acre plotted against biennial bearing 
index. The yields have been adjusted for differences both in size of tree and in 
terminal length, r = — 0.526 (Table 5). 

The relationship between profitable yield and tree vigour (as repre¬ 
sented by terminal length) can be explained largely by the effect of vigour 
on the percentage of ‘‘non-profitable*’ fruits. An examination of the field 
data has revealed that with increasing vigour there was at first little effect 
on the percentage of non-profitable fruits. When the terminals reached 
25 to 30 cm. in length, however, there were sufficient oversized and poorly 
coloured fruits (both non-profitable) to offset the increase in total yield, 
and beyond that point increasing vigour was accompanied by an increase 
in non-profitable yield greater than the increase in total yield. The 
optimum terminal length appeared to depend to some extent on the degree 
of tree crowding: if the trees were thick in the centres and the limbs from 
neighbouring trees were crowding together, 25 cm. appeared to be better 
than 30 cm.; but if the trees were well opened up and well separated, the 
reverse appeared to hold true. 
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Regressions of Yield 

The rectilinear regressions of yield on the three factors size of tree, 
tree vigour and biennial bearing were determined, these factors being 
represented by the trunk-ground ratio, terminal length, and biennial bear¬ 
ing index, respectively. The determinations were made in two ways: (1) 
from the slopes of the lines of regression of yield on the three factors; (2) 
from the slopes of the lines of maximum yield. The more pertinent results 
are summarized in Table 6. In each case, the slope of the line is expressed 
in terms of the amount of change in yield per unit change in the factor 
concerned. For example, the simple regression of total yield per acre on 
the trunk-ground ratio was + 1987; which means that for each change of 
0.1 in the trunk-ground ratio, the average yield per acre changed by 199 
boxes in the same direction. As will be seen from Table 6, the lines of 
maximum yield had greater slopes than the regression lines. This is no 
doubt due in part to the fact that the slope of the regression line is some¬ 
what less than that of the general trend of the distribution. It will also 
be noted that the regressions are higher for total yield than for profitable 
yield. 


Table 6.—Coefficients of regression of yield per acre on trunk-ground ratio, 

TERMINAL LENGTH AND BIENNIAL BEARING INDEX 



No. of 

Regression of yield on 

Type of line used 

factors 

eliminated 

Trunk- 
ground ratio 

Terminal 

length 

Biennial 
bearing index 



boxes 

boxes 

boxes 

A. Total yield per acre 





Regression line 

none 

+ 1987 

+ 14.4 

-516 

Regression line 

2* 

+ 1764 

+ 16.0 

-535 

Maximum yield line 

none 

+3300 

+50.0 

-933 

B; Profitable yield per acre 



-t 


Regression line 

none 

+ 1354 

-387 

Regression line 

2* 

+ 1269 

—t 

-397 

Maximum yield line 

none 

+2583 

35. Ot 

-514 


• When two factors were eliminated, this means that the regression coefficient represents the trend when 
the other two factors were held constant. 

t Correlation too low to justify calculating the regression, 
t + 35.0 below a terminal length of 27.5 cm., and — 35.0 above 27.5 cm. 

The regression coefficients shown in Table 6 do not represent the 
average effects of the three factors on yield; nor can those for any one 
factor be compared directly with those for the other factors. In order to 
convert the data into figures that would have a more direct practical applica¬ 
tion, the change in yield per average deviation of each factor from the 
optimum was calculated. For this purpose, the optima were considered 
to be a trunk-ground ratio of 0.37 and up, a terminal length of 27.5 cm., 
and a biennial baring index of zero. With trees 30 X 30 feet apart on 
the square, a truflS^ground ratio of 0.37 is represented by a trunk diameter 
of about 14 inches. The figures thus obtained for profitable yield are 
indicated in Table 7. 

If it can be assumed that the relationships found between the three 
factors and yield represent actual effects, either direct or indirect, then the 
data of Table 7 may be considered to provide a suitable basis for comparing 
these effects. In the case of teminal length, the figures given will of course 
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Table 7. —Average loss of profitable yield per acre, attributable to trunk- 
ground RATIO, terminal LENGTH AND BIENNIAL BEARING INDEX 


Line used as basis 

No. of 

Loss of yield attributable to 

factors 

eliminated 

Trunk- 
ground ratio 

Terminal | 
length 

Biennial 
bearing index 

Regression line 

none 

boxes 

55 

boxes 

boxes 

187 

Regression line 

2 1 

52 

— 

192 

Maximum yield line 

none 

105 

no 

248 

Average deviation of factor from 
Optimum 


0.0408 

3.150 

0.4825 


refer not to any direct effect of terminal length itself on yield, but rather to 
the effect of all those conditions that are associated with terminal length; 
that is, what is commonly called tree vigour. It will be noted that the 
average losses attributable to biennial bearing hav^e been much greater 
than those attributable to the other two factors. 

Distance of Planting 

The trees were divided into four groups, in accordance with their 
distance apart of planting, and a number of different procedures were tried 
for evaluating the yield differences between these groups. Only two of 
the groups contained sufficient trees for reliable comparison: (1) trees 
occupying 780 to 840 square feet of space; (2) trees occupying 900 square 
feet of space. By all methods of comparison, the yields were somewhat 
higher in the first of these two groups than in the second. Although the 
differences were not alwciys ‘‘significant’* (odds 19 : 1 or higher), they were 
quite consistent. The conclusion appeared justified, therefore, that under 
the conditions of this investigation the trees occupying 780 to 840 square 
feet of space tended to bear more fruit per acre than did those occupying 
900 square feet. Some of the averages that were compared are shown in 
Table 8. It will be noted that successive adjustments increased the 
averages. This w^as caused by adjusting to the optimum value rather 
than to the mean of each factor. 

Table 8.—Average yields per acre in distance-of-planting groups 


Area occupied per iree 



780-840 sq. ft. 

900 sq. ft. 

No. of trees in group ' 

95 

186 

A. Total yield per acre 


1050 (1IS)» 

Unadjusted 

1228 

Adjusted for trunk-ground ratio 

1261 

1179 (NS) 

Adjusted for all three factors 

1525 

1435 (S) 

B. Profitable yield per acre 

1051 

920 (S) 

Unadjusted 

Adjusted for trunk-ground ratio 

1091 

1022 (NS) 


• These letters indicate the significance of the difference between eacli pair of means: 
NS—Non-significant, with odds less than 19 : 1. 

S—Significant, with odds between 19 : 1 and 99 : 1. 

HS—Highly significant, with odds greater than 99 : 1. 
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The higher yields obtained with the closer planting appear to be 
associated in part with a greater size of tree per unit area of ground occupied. 
The trunk-ground ratio was distinctly higher, on the average, with the 
“780-840** group; and observation indicated that the tops of the trees in 
this group occupied the orchard space more fully than they did in the 
“900” group. With the older trees, this difference was not so obvious. 
It appears that the more closely planted trees come into full production 
per acre the sooner, but that they also become too crowded for maximum 
production the sooner. The findings of this investigation, therefore, can¬ 
not be applied indiscriminately to other groups of trees either in the 
Okanagan Valley or elsewhere. 

Locality 

Comparisons between localities were made in the same manner as 
between distances of planting. No detailed report on the results obtained 
will be made at this time. It will be considered sufficient to record that 
no differences between districts were found that could not be attributed to 
differences in size of tree, vigour of tree, and biennial bearing. In other 
words, there was no evidence to indicate either an increase or a decrease 
in the potential yield per acre of the McIntosh trees as they were located 
progressively father north from Penticton to Oyama. 

DISCUSSION 

In the opinion of the author, the most important finding reported in 
this paper is the marked effect of biennial bearing on average tree yield. 
Because of this effect, and because of the prevalence of biennial bearing, 
the losses of yield from this cause constitute a serious problem in the 
Okanagan Valley. Another finding of value is that under the conditions 
of this investigation the optimum degree of vigour of McIntosh trees is 
indicated by about 25 to 30 cm. (10 to 12 inches) of average terminal growth. 
This of course does not necessarily apply to other varieties or to other 
districts. The discovery that even in mature orchards the more closely 
planted trees have borne the heaviest crops of profitable fruit per acre 
indicates that wide planting may not be essential to profitable apple 
production; however, further study is required before it can be concluded 
that the planting distance recommended for the Okanagan should be 
reduced below 30 X 30 feet on the square. 

SUMMARY 

In 1937, McIntosh trees were selected for study in groups of 5 or less, 
in grower-owned orchards from Penticton to Oyama in the Okanagan 
Valley. All trees were mature or nearly so, and most of them were sur¬ 
rounded by other trees of the same size and variety. Final statistical 
analyses were mad9,on 290 selected trees. 

For six years (1937-42), records were taken on trunk circumference, 
terminal length, total yield, and “profitable** yield; and twig weights 
were determined for two years (1939-40). The profitable yield consisted 
of fruits between the sizes of 2\ and 3| inches, and with a solid red colour 
of at least 20%. From these records were calculated the annual increase 
in trunk circumference, the trunk-ground ratio (a measure of tree size per 



December, 1944] 


WILCOX—APPLE YIELD IN OKANAGAN VALLEY 


205 


unit of ground space occupied), and the biennial bearing index (a measure 
of the degree of biennial bearing). The tree yields were adjusted in¬ 
dividually for differences in trunk-ground ratio, terminal length, and 
biennial bearing index. Studies were made primarily by means of corre¬ 
lation, regression, covariance, and scatter diagrams. 

Biennial bearing was found to have a marked effect on tree growth. 
The year of high yield proved to be the year of small increase in trunk 
circumference, long terminal length, and small terminal diameter. The 
inter-annual differences were greatest with yield, and progressively less 
with trunk increase, terminal length, and twig diameter. As a result of 
these relationships, it was found necessary to use at least two-year averages 
in studying factorial effects on average yield. 

The correlations among the two-or-more-year averages indicated the 
following trends: (1) The larger the tree, the greater were the total yield 
and the profitable yield per acre. (2) The longer the terminals, the 
greater was the total yield hut not the profitable yield. (3) The greater 
the degree of biennial bearing, the less were the total yield and profitable 
yield. This last effect was the most marked of the three. Biennial 
bearing appeared to be more closely associated with meteorological condi¬ 
tions than with lack of tree vigour. 

The factorial optima determined from the scatter diagrams were as 
follows: trunk diameter 14 inches or larger (with trees planted 30 X 30 
feet apart on the square), terminal length 25 to 30 cm., and biennial bearing 
zero (i.e. 100% annual bearing). The average losses of yield resulting 
from deviations of the three major factors from their optima were much 
the greatest with biennial bearing. 

The trees occupying less than 900 square feet per tree produced higher 
yields per acre, both of total and of profitable fruit, than did those occupy¬ 
ing 900 or more square feet. No differences were found among districts 
that could not be attributed to differences in the three major factors 
studied. 
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APPENDIX 

Table 9.—‘‘Summary** data from McIntosh treks 


1 

2 

3 

4 

5 

6 

7 

8 

1 9 1 

,0 1 

11 

12 1 

13 

Plot 

Tree 

Years 

averaged 

At 

Bt 

Cf 

Dt 

Total yieldt, adjusted for 

Profitable yield t, 
adjusted for 







Ot 1 

At ! 

Act 

ACDt 

Ot 

At 





cm. 

cm. 


boxes 

boxes 

boxes 

boxes 

boxes 

boxes 

P2 

2-1 

1938-41 

.23 

1.44 

23.2 

55 

975 

1275 

1.300 

1594 

875 

1106 


2-3 

1938-41 

.29 

1.87 

25.5 

90 

1124 

1318 i 

1311 

1792 

1095 

1245 


2-4 

1938-41 

.37 

2.55 

25.8 

90 

1252 

1305 

1294 

1775 

1171 

1212 


3-1 

1938-41 

.23 

2.65 

37,8 

79 

771 

1071 

894 

1317 

721 

952 


3-3 

1938-41 

.27 

2.05 

28.2 

38 

938 

1167 

1123 

1326 

866 

1043 

P3 

6-1 

1938-41 

.29 

2.47 

29.6 

18 

1082 

1276 

1212 

1308 

1032 

1182 


6-4 

1938-41 

.32 

2.35 

29.2 

66 

634 

775 

717 

1070 

590 

799 


7-1 

1938-41 

.30 

2.22 

26.5 

21 

985 

1161 

1140 

1252 

930 

1066 


7-3 

1938-41 

.31 

2.85 

26.9 

69 

759 

918 

802 

1261 

725 

847 


7-4 

1938-41 

.27 

2.52 

33.7 

66 

1037 

1266 

1146 

1199 

962 

1139 

P4 

10-1 

1938-41 

.30 

2.67 

27.9 

86 

856 

1032 

992 

1452 

798 

934 


10-3 

1938-41 

.32 

2.22 

25.6 

66 

833 

974 

966 

1319 

799 

1008 


10-4 

1938-41 

.27 

2.27 

28.7 

54 

914 

1143 

1092 

1381 

839 j 

1016 


11-1 

1938-41 

.30 

2.30 

28.7 

70 

895 

1071 

1020 

1394 

837 

973 


11-3 

1938-41 

.30 

2.65 

29.4 

71 

863 

1039 

978 

1358 

820 

956 

PI 

14-1 

1938-41 

.26 

2.50 

30.6 

83 

616 

862 

785 

1229 

.592 

782 


14-3 

1938-41 

.25 

3.37 

25.2 

41 

622 

886 

883 

1103 

572 

776 


14-4 

1939-41 

.31 

3.30 

30.9 

84 

1056 

1215 

1133 

1583 

992 1 

1114 

P9 

A 

1939-42 

.39 

3.60 

31,5 

39 

1830 

1848 

1758 

1966 

1518 

1532 


B 

1939-42 

.35 

3.45 

26.5 

41 

1762 

1850 

1829 

2049 

1491 

1559 


C 

1939-42 

.37 

3.70 

.30.5 

47 1 

1933 

1986 

1910 

2161 

1592 

1633 


D 

1939-42 

.34 

3.62 

25,4 

26 

1462 

1568 

1562 

1700 

1298 

1379 

PIO 

D 

1939-42 

.35 

3.32 

32.3 

35 

1862 

1950 

1849 

2036 

1463 

1531 

P5 

A 

1939-42 

.46 

3.17 

42.9 

33 

1429 

1323 

1075 

12.^2 

913 

832 


B 

1939-42 

.47 

2.17 

38.0 

4 

1667 

1543 

1363 

1384 

1081 

986 


C 

1939-42 

.54 

3,02 

38.1 

16 

1680 

1434 

1253 

1339 

866 

676 


D 

1939-42 

.55 

3.17 

38.4 

22 , 

1982 

1718 

1533 

1615 

1353 

1149 


E 

1939-42 

.51 

3.20 

36.2 

22 

i 

1562 

1368 

1213 

1331 

1221 

1071 

P7 

B 

1939-42 

.46 

2.30 

23.4 

42 

1365 

1259 

1281 

1.505 

1116 

1035 


D 

1939-42 

.37 

2.32 

26.7 

66 

1036 

1089 

1065 

1418 

876 

917 


E 

1939-42 

.38 

2.75 

27.8 

1 

6. 

986 

1021 

993 

13P) 

829 

856 

P6 

A 

1939-42 

.32 

1.87 

29.6 

41 

951 

um 

1028 

1248 

786 

995 


B 

1939-42 

.32 

2.45 

27.5 

66 

915 

1056 

1021 

1374 

786 

995 


C 

1939-42 

.44 

2.22 

23.3 

45 

956 

886 

910 

1151 

850 

796 


D 

1939-42 

.45 

1.82 

26.4 

32 

1084 

996 

977 

1148 

930 

862 

S12 

A 

1939-42 

.32 

1.37 

20.7 

98 

587 

728 

787 

1312 

514 

723 


B 

1939-42 

.37 

2.15 

20.3 

90 

781 

834 

899 

1380 

714 

7.^5 


C 

1939-42 

.36 

1.77 

17.6 

94 

623 

093 

795 

1298 

538 

595 


D 

1939-42 

.33 

1.87 

23.3 

95 

732 

856 

880 

1389 

642 

737 


E 

1939-42 

.31 

1.67 

14.7 

91 

574 

733 

876 

1363 

508 

630 


* Plots arranged in table according to their position in each district, 
t A—Trunk-ground ratio. B—Increase in trunk circumference. 

C—Terminal length. D—Biennial bearing index. 

O—No adjustment. 

t All yields are expressed in terms of loose bushel boxes per acre. 
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Table 9.—‘‘Summary** data from McIntosh trees— Continued 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

n 

12 

13 

Plot 

no.* 

Tree 

no. 

Years 

averaged 

At 

Bt 

ct 

Dt 

Total yield t 

adjusted for 

Profitable yield t. 
adjusted for 


At 



ot 

At 





cm. 

cm. 


boxes 

boxes 

boxes 

boxes 

boxes 

boxes 

SIO 

A 

1939-42 

.33 

2.70 

27.1 

71 

628 

752 

723 

1103 

592 

787 


B 

1939-42 

.38 

2.70 

24.2 

77 

698 

733 

744 

11.56 

680 

707 


C 

1939-42 

.38 

2.70 

22.8 

76 

514 

549 

579 

985 

488 

515 


D 

1939-42 

.39 

3.80 

29.3 

38 

636 

654 

595 

798 

566 

580 


E 

1939-42 

.SO 

3.50 

27.6 

47 

1072 

896 

860 

1111 

1002 

866 

T2 

A 

1939-42 

.40 

2.45 

21.1 

too 

793 

793 

847 

1382 

678 

678 


B 

1939-42 

.47 

2.92 

31.8 

100 

1217 

1093 

999 

1534 

1001 

906 


D 

1939-42 

.S8 

3.65 

28.9 

100 

1441 

1124 

1070 

1605 

1208 

963 


E 

1939-42 

.61 

3.72 

31.2 

100 

1367 

997 

911 

1446 

1108 

822 

T3 

A 

1939-42 

.45 

3.32 

34.8 

76 

1238 

11.50 

1014 

1420 

1077 

1009 


B 

1939-42 

.50 

3.62 

30.8 

85 

1345 

1169 

1089 

1544 

1216 

1080 


D 

1939 42 

.40 

3.25 

34.2 

83 

1335 

1335 

1208 

1652 

1140 

U40 


E 

1939-42 

.55 

3.47 

29.9 

97 

1551 

1287 

1219 

1738 

1313 

1109 

T6 

A 

1939-42 

.29 

2.76 

20.6 

97 

1158 

1352 

1413 

1932 

1021 

1171 


B 

1939-42 

.35 

3.72 

28.9 

90 

1301 

1389 

1335 

1816 

1117 

1185 


C 

1939-42 

.27 

2.95 

30.5 

100 

1144 

1373 

1297 

1932 

967 

1144 


D 

1939-42 

.22 

3.00 

32.5 

95 

960 

1277 

1173 

1682 

844 

1089 


E 

1939-42 

.23 

2.99 

33.2 

98 

953 

1253 

1139 

1664 

839 

1068 

T7 

A 

1939-42 

.28 

3.07 

30.1 

70 

1169 

1381 

1310 

1684 

979 

1142 


B 

1939-42 

.27 

2.77 

24.9 

75 

1107 

1336 

1337 

1738 

9.30 

1107 


C 

1939-42 

.25 

2.85 

29.0 

i 80 

1169 

1433 

1378 

1806 

983 

1187 


D 

1939-42 

.28 

3.60 

31.9 

94 

1019 

1231 

1136 

1639 

855 

1018 


E 

1939-42 

.29 

1 3.70 

33.5 

97 

1099 

1293 

1175 

1694 

948 

1098 

T8 

A 

1939-42 

1 .38 

3.22 

31.5 

27 

1421 

1456 

1366 

1510 

1230 

1257 


B 

1939-42 

.41 

2.50 

30,5 

40 

1489 

1471 

1395 

1609 

1282 

1268 


C 

1939-42 

.43 

1.97 

25.3 

27 

1316 

1263 

1259 

1403 

1108 

1067 


D 

1939-42 

.44 

1.60 

27.5 

7 

1623 

1553 

1518 

15.55 

1431 

1377 

T9 

A 

1939-42 

.37 

2.52 

22,6 

58 

1211 

1264 

1297 

1607 

1124 

1165 

K1 

6t5 

1938-41 

.23 

1.95 

17.1 

53 

673 

1 

973 

1082 

1366 

610 

831 


D15 

1938-41 

.30 

2.35 

17.2 

46 

1083 

1259 

1367 

1613 

1016 

1152 


H15 

1938-41 

.30 

2.70 

20.0 

50 

1310 

1314 

1382 

1651 

1020 

1156 

K2 

SIS 

1939-42 

.31 

1.62 

17.2 

21 

1211 

1370 

1478 

1590 

1339 

1261 


S16 

1940-41 

.34 

2.00 

13.0 

16 

1381 

1487 

1653 

1739 

1248 

1329 


U15 

1938-42 

.27 

1.92 

20.0 

36 

876 

1105 

1174 

1366 

850 

1027 


U16 

1938-42 

.30 

2.20 

18.0 

41 

1238 

1414 

1511 

1731 

1179 

1315 


VIS 

1938^42 

.34 

1.98 

16.0 

20 

1216 

1322 

1446 

1553 

1141 

1222 

K6 

ZIO 

1938-42 

.25 

3.18 

23.7 

31 

1187 

1451 

1469 

1635 

1080 

1284 


Zll 

1938-42 

.30 

3.22 

22.3 

29 

1254 

1430 

1467 

1622 

1120 

1256 


AAIO 

1938-42 

.22 

2.96 

22.2 

13 

1042 

1359 

1398 

1467 

955 

1200 

K21 

DD2 

1938-^ 

* 24 

If 

2.27 

20.3 

15 

871 

1153 

1218 

1566 

744 

962 


EE2 

1038-41 

.30 

3.42 

21.7 

59 

956 

1132 

1178 

1494 

858 

994 


GG2 

1938-41 

.37 

3.62 

16.8 

64 

1476 

1190 

1304 

1642 

1041 

1218 


HH2 

1938-41 

.31 

3.30 

21.1 

67 

932 

1091 

1145 

1503 

841 

963 


112 

1938-41 

.35 

3.72 

25.9 

70 

1024 

1112 

1100 

1474 

850 

918 


• Plote arranged in table according to their position In each district, 
t A—Trunk-ground ratio. B—Increase in trunk circumference. 

C—Termini length. D—Biennial faring index. 

O—No adjustment. 

t All yields are expressed in terms of loose bushel boxes per acre. 
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APPENDIX—Continued 

Table 9. —“Summary** data from McIntosh trees —Continued 


1 

2 

3 

4 

5 

6 

7 

8 1 

9 i 

.0 1 

11 

12 1 

13 

Plot 

Tree 

Years 

averaged 

At 

Bt 

ct 

Df 

Total yieldt, adjusted for 

Profitable yieldt. 
adjusted for 







Ot 

At 

Act 

ACDt 

Ot 

At 





cm. 

cm. 


boxes 

boxes 

boxes 

boxes 

boxes 

boxes 

K7 

A 

1938-41 

.33 

3.95 

26.0 

41 

941 

1065 

lost 

1271 

851 

946 


B 

1938-41 

.29 

2.90 

25.1 

55 

723 

917 

916 

1210 

686 

836 


C 

1939-42 

.34 

2.00 

20.5 

73 

953 

1059 

1121 

1511 

919 

1000 


D 

1938-42 

.34 

3.12 

30.6 

72 

1094 

1200 

1123 

1508 

1012 

1093 


E 

1938-41 

.33 

4.20 

28.0 

44 

1037 

1161 

1119 

1355 

920 

1015 

K9 

A 

1939-42 

.40 

2.07 

14.7 

68 

049 

949 

1092 

1456 

908 

908 


B 

1939-42 

.29 

1.52 

20.8 

72 

802 

996 

1054 

14.59 

733 

883 


C 

1939-42 

.45 

2.15 

25.2 

84 

908 

820 

817 

1267 

845 

777 


D 

1939-42 

,.38 

2.17 

20.8 

79 

973 

1008 

1066 

1489 

914 

941 


E 

1939-42 

.39 

2.10 

23.7 

78 

830 

848 

866 

1283 

782 

796 

K27 

A 

1939-42 

.39 

1.67 

18.4 

81 

839 

85/ 

948 

1382 

796 

810 


B 

1939-42 

..39 

2.45 

16.6 

57 

810 

828 

944 

1249 

761 

775 


C 

1939-42 

.33 

2.07 

16.4 

73 

740 

864 

983 

1373 

726 

821 


D 

1939-42 

..36 

1.77 

14.1 

86 

669 

739 

890 

1350 

642 

696 


E 

1939-42 

.39 

2.00 

15.8 

84 

600 

618 

745 

1195 

579 

593 

K16 

A 

1939-42 

.31 

2.30 

22.9 

64 

945 

1104 

1133 

1475 

878 

lOOO 


B 

1939-42 

.37 

2.22 

23.5 

69 

1084 

1137 

1158 

1527 

1005 

1046 


C 

1939-42 

.36 

2.65 

22.8 

76 

1017 

1087 

1117 

1523 

936 

990 


D 

1939-42 

.37 

2.72 

24.2 

64 

1278 

1331 

1342 

1684 

1180 

1221 


E 

1939-42 

.32 

2.32 

29.0 

65 

1073 

1214 

1159 

1507 

945 

1154 

KIO 

A 

1938-41 

.36 

1.82 

22.1 

17 

1455 

1525 

1565 

1656 

1350 

1404 


B 

1938-41 

.30 

1.97 

23.6 

54 

762 

938 

957 

1246 

692 

828 


C 

1938-41 

.32 

2.20 

23.5 

31 

1043 

1184 

1205 

1371 

929 

1138 


D 

1938-41 

.39 

3.80 

22.7 

47 

949 

967 

999 

1250 

882 

896 

KSA 

A 

1939-42 

..34 

1 .47 

24.2 

16 

1481 

1587 

1598 

1684 

1335 

1416 


B 

1939-42 

.36 

2.15 

26.1 

14 

1298 

1368 

1353 

1428 

1118 

1172 


C 

1939-42 

.33 

2.62 

27.2 

23 

1432 

1556 

1526 

1649 

824 

919 


^ \ 

1939-42 

.35 

1.90 

27.5 

18 

1312 

1400 

1365 

1461 

944 

1012 


E 

1939-42 

.37 

2,87 

25.6 

13 

1138 

1191 

1183 

1252 

991 

1032 

Kll 

A 

1939-42 

.23 

2.50 

23.7 

46 

817 

1117 

1135 

1381 

690 

921 


B 

1939-42 

.26 

3.35 

27.7 

55 

1113 

1359 

1322 

1616 

839 

1029 


E 

1939-42 

.22 

2.27 

30.3 

40 

969 

1286 

1213 

1427 

799 

1044 

K12 

A 

1939-42 

.33 

2.22 

29.3 

43 

1.V73 

1517 

1458 

1688 

1169 

1264 


B 

1939-42 

.27 

2.55 

25.1 

52 

930 

1159 

1158 

1436 

757 

934 


C 

1939-42 

.32 

2.25 

26.0 

22 

1223 

1364 

1342 

1460 

1048 

1257 


D 

1939-42 

.27 

1.77 

20.5 

41 

1023 

1252 

1314 

1534 

884 

1061 


E 

1939-42 

.26 

2.10 

25.7 

56 

1210 

1456 

1446 

1740 

1017 

1207 

K13 

A 

1939-42 

.30 

2.42 

25.7 

51 

1066 

1242 

1232 

1505 

915 

1051 


B 

1939-42 

.30 

1.87 

23.9 

52 

1169 

1345 

1360 

1638 

1030 

1166 


C 

1939-42 

.32 

2.55 

28.2 

57 

1006 

1147 

1103 

1408 

860 

1069 


n 

1939-42 

.33 

1.90 

26.8 

55 

1253 

1377 

1352 

1646 

1127 

1222 


E 

1939-42 

.30 

2.35 

24.5 

45 

1343 

1519 

1526 

1767 

1150 

1286 


* Plots arranged in table according to their positio:* in each district, 
t A—Trunk-ground ratio. B—Increase In trunk circumference. 

C—Terminal length. D—Biennial bearing index. 

O—No adjustment. 

t All yields are expressed in terms of loose bushel boxes per acre. 
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APPENDIX—Continued 

Table 9.—“Summary” data from McIntosh trees— Continued 


1 

2 

3 

4 

5 

D 

B 

8 

9 

10 

11 

12 

13 

Plot 


Years 

averaged 

At 




Total yieldt, adjusted for 

Profitable yield tr 
adjusted for 






ot 

At 

ACt 

ACDt 

Ot 

At 





cm. 

cm. 


boxes 

boxes 

boxes 

boxes 

boxes 

boxes 

K14 

A 

1939-42 

.28 

2.40 

24.4 

54 

1132 

1344 

1352 

1641 

1018 

1181 


B 

1939-42 

.25 

1.80 

27.7 

53 

999 

1263 

1226 

1510 

842 

1046 


C 

1939-42 

.31 

1.92 

19.0 

67 

975 

1134 

1217 

1575 

890 

1012 


D 

1939-42 

.30 

2.45 

26.8 

43 

1090 

1266 

1241 

1471 

948 

1084 


E 

1939-42 

.25 

2.20 

28.1 

39 

1139 

1403 

1360 

1568 

988 

1192 

K15 

C 

1939-42 

.24 

1.67 

26.8 

51 

732 

1014 

989 

1262 

642 

86a 


D 

1939-42 

.28 

1.22 

23.8 

45 

751 

963 

980 

1221 

654 

817 


E 

1939-42 

.25 

1.37 

23.6 

46 

503 

767 

786 

1032 

436 

640 

K46 

B 

1938-42 

.22 

2.58 

29.2 

48 

659 

967 

918 

1175 

646 

891 


C 

1938-42 

.27 

2.46 

27.3 

35 

988 

1217 

1185 

1372 

781 

95S 


E 

1938-42 

.29 

3.76 

27.9 

59 

1031 

1225 

1185 

1501 

785 

935 

K5l 

A 

1939-42 

.36 

2.80 

23.6 

60 

993 

1063 

1082 

1403 

848 

902 


B 

1939-42 

.28 

3.05 

27.5 

71 

811 

1023 

988 

1368 

636 

799 


E 

1939-42 

.33 

3.07 

29.1 

52 

1041 

1165 

1108 

1386 

885 

980 

K22 

A 

1939-42 

.35 

2.30 

25.2 

67 

1110 

1198 

1195 

1553 

1021 

1089 


B 

1939-42 

,30 

2.47 

24.7 

67 

1096 

1272 

1276 

1634 

1021 

1157 


C 

1939-42 

.29 

2.20 

20.2 

67 

1269 

1463 

1529 

1887 

1185 

1335 


D 

1939-42 

.25 

2.30 

21.6 

67 

1110 

1374 

1421 

1779 

1069 

1273 


E 

1939-42 

.27 

2.27 

27.0 

70 

1069 

1298 

1270 

1644 

999 

1176 

K25 

B 

1938-42 

.37 

2.78 

25.7 

38 

1480 

1533 

1523 

1726 

1309 

1350 


C 

1938-42 

.34 

2.60 

30.7 

37 

1430 

1536 

1457 

1655 

1253 

1334 

K24 

A 

1939-42 

.34 

1.85 

25.3 

27 

1307 

1413 

1409 

1553 

1165 

1246 


B 

1939-42 

.42 

2.37 

25.9 

87 

1538 

1503 

1491 

1956 

1376 

1349 


E 

1939-42 

.36 

2.62 

25.3 

54 

1543 

1613 

1609 

1898 

1433 

1487 

K49 

B 

1938-42 

.29 

4.18 

34.8 

32 

1213 

1407 

1271 

1442 

818 

968 


C 

1938-42 

.30 

3.60 

29.8 

40 

1139 

1315 

1249 

1463 

1115 

1026 


D 

1938^2 

.23 

3.04 

26.7 

34 

1028 

1328 

1304 

1486 

815 

1046 

K8 

A 

1940-41 

.34 

3.40 

18.0 

30 

1440 

1546 

1643 

1803 

1230 

1311 


B 

1940-41 

.35 

3.44 

25.3 

40 

1350 

1438 

1434 

1648 

1103 

1171 


C 

1939-42 

.32 

2.97 

27.5 

39 

1704 

1845 

1810 

2018 

1487 

1696 


D 

1940-41 

.36 

3.00 

27.9 

28 

1619 

1689 

1649 

1799 

1431 

1395 


E 

1940-41 

.34 

2.90 

21.6 

27 

1676 

1782 

1829 

1973 

1511 

1592 

K48 

A 

1939-42 

.26 

3.60 

26.4 

65 

1151 

1397 

1378 

1726 

995 

1185 


B 

1938-42 

.25 

4.02 

32.1 

49 

1209 

1473 

1375 

1621 

982 

1186 


C 

1938-42 

.28 

3.92 

33.3 

42 

1236 

1448 

1333 

1557 

1049 

1212 


D 

1938-42 

.24 

3.70 

34.6 

57 

1008 

1290 

1157 

1462 

863 

1081 


E 

1939-42 

.30 

3.25 

26.3 

77 

1246 

1422 

1404 

1816 

988 

1124 

B29 

A 

1938-42 

'Ji 

4.06 

23.1 

28 

808 

1037 

1063 

1213 

761 

938 


B 

1938-42 


4.32 

23.6 

31 

1133 

1309 

1328 

1494 

1079 

1215 


C 

1938-42 

.20 

2.38 

11.5 

76 

532 

875 

1062 

1468 

477 

749 


D 

1938-42 

.26 

4.22 

27.3 

41 

97i 

1223 

1191 

1411 

931 

112 


E 

1938-42 

.23 

3.96 

28.5 

50 

658 

958 

910 

1178 

631 

826 


* Plots arranged in table according to their position in each district, 
t A—Trunk-ground ratio. B—Increase in trunk circumference. 

C—Terminal length. D—Biennial bearing index. 

O—No adjustment. 

X All yields are expressed in terms of loose bushel boxes per acre. 
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APPENDIX—Continued 

Table 9.—“Summary” data from McIntosh trees— Continued 


1 

2 

3 

4 

5 

6 

7 

8 1 

9 1 

10 1 

1 

12 i 

13 

Plot 

Tree 

Years 

averaged 

At 

Bt 

ct 

B>t 

Total yieldt, adjusted for 

Profitable yield t 
adjusted for 







Of 

At 

ACt 

ACDf 

ot 

At 

B30 

A 

1938-42 

.28 

cm. 

5.24 

cm. 

34.4 

34 

boxes 

944 

boxes 

1156 

boxes 

1026 

boxes 

1208 

boxes 

816 

boxes 

979 


B 

1938-42 

.30 

4.70 

29.4 

27 

1050 

1226 

1165 

1309 

935 

1071 


C 

1938-42 

.27 

4.74 

27.5 

41 

910 

1139 

1104 

1324 

769 

946 


D 

1938-42 

.23 

5.06 

35.6 

54 

823 

1123 

976 

1265 

641 

872 


E 

1938-42 

.28 

5.16 

35.4 

42 

996 

1208 

1064 

1288 

859 

1022 

B31 

A 

1938-42 

.27 

4.18 

24.4 

43 

891 

1120 

1128 

1358 

836 

1013 


B 

1938-42 

.29 

4.54 

24.1 

41 

1099 

129.3 

1305 

1525 

990 

1140 


D 

1938-42 

.23 

4.88 

32.1 

53 

784 

1084 

986 

1270 

709 

940 

B32 

A 

1938-42 

.21 

3.22 

21.6 

46 

581 

916 

963 

1209 

537 

795 


C 

1938-42 

.30 

4.92 

31.3 

46 

1040 

1216 

1129 

1375 

911 

1047 


D 

1938-42 

.25 

4.20 

27.6 

57 

843 

1107 

1071 

1376 

780 

984 


E 

1938-42 

.25 

5.50 

29.2 

56 

871 

1135 

1077 

1377 

759 

963 

B1 

A 

1039-42 

.39 

2.57 

24.6 

73 

1151 

1169 

1175 

1565 

958 

972 


B 

1939-42 

.41 

2.80 

26.8 

59 

1175 

1157 

1132 

1448 

988 

974 


C 

1939-42 

.43 

2.43 

22.6 

62 

1094 

1059 

1092 

1424 

921 

894 


D 

1939 42 

.37 

2.17 

19.4 

65 

1060 

1113 

1190 

1538 

927 

968 


E 

1939 -42 

.39 

2.00 

19.4 

65 

945 

963 

1040 

1388 

855 

869 

B34 

A 

1939-42 

.38 

2.17 

23.8 

75 

1091 

1126 

1143 

1544 

982 

1009 


B 

1939-42 

.44 

2.92 

27.5 

78 

1086 

1016 

981 

1.398 

892 

843 


C 

1939-42 

,40 

2.85 

25.3 

83 

1079 

1079 

1072 

1516 

952 

952 


n 

1939-42 

.39 

2.87 

26,2 

85 

1068 

1083 

1066 

1521 

939 

953 


E 

1939-42 

.39 

2.92 

26.9 

94 

1031 

1049 

1023 

1526 

878 

892 

B33 

B 

1939-42 

.36 

2.77 

15.5 

37 

1149 

1219 

1350 

1548 

1072 

1126 


C 

1939-42 

.40 

2.67 

19.2 

60 

1277 

1277 

1357 

1678 

1205 

1205 


D 

1939-42 

.38 

2.35 

21.1 

55 

1531 

1566 

1620 

1914 

1141 

1468 


E 

1939 42 

.38 

3.32 

23.3 

42 

1566 

1601 

1625 

1849 

1405 

1432 

B38 

A 

1938-41 

.39 

2.75 

20.2 

40 

1089 

1107 

1173 

1387 

1272 

1069 


B 

1938-41 

.39 

2.75 

18.0 

63 

1200 

1218 

1315 

1652 

1092 

1106 


C 

1938-11 

,41 

2.25 

22.7 

71 

1229 

1211 

1243 

1623 

nil 

1097 


D 

1938-41 

.44 

3.10 

20.2 

19 

1445 

1375 

1441 

1543 

1351 

1297 


E 

1938-41 

.49 

3.37 

15.3 

63 

1047 

888 

1022 

1359 

977 

855 

B36 

A 

1939-42 

.39 

2,07 

26.8 

85 

866 

881 

859 

1314 

832 

846 


B 

1939-12 

.40 

2.02 

25.1 

90 

942 

942 

941 

1422 

902 

902 


C 

1939-42 

.43 

1.92 

23.4 

88 

894 

841 

863 

1334 

845 

804 


D 

1939-42 

.42 

2.55 

25.5 

87 

957 

922 

915 

1380 

929 

902 


E 

1939-42 

.38 

2.05 

29.7 

88 

776 

811 

746 

1217 

740 

767 

B37 

A 

1939-42 

.38 

2.65 

26.1 

87 

745 

780 

765 

1230 

708 

735 


B 

1939-42 

.37 

2.57 

24.5 

85 

806 

859 

866 

1321 

769 

810 


C 

1939-42 

.40 

2.80 

29.1 

S3 

715 

715 

658 

1102 

661 

661 


D 

1939-42 

.37 

2.50 

29.5 

4o 

1059 

1112 

1050 

1291 

999 

1040 


E 

1939-42 

.38 

3.17 

31.1 

61 

980 

1015 

931 

1257 

920 

947 

G42 

A 

1939-42 

.35 

2.60 

24.5 

16 

1580 

1668 

1675 

1777 

1368 

1436 


B 

1939-42 

.36 

2.92 

27.1 

10 

1755 

1825 

1796 

1849 

1410 

1464 


C 

1939-42 

.35 

3.05 

24.4 

25 

1369 

1457 

1465 

1599 

1145 

1213 


D 

1939-42 

.30 

2.77 

27.3 

42 

1119 

1295 

1263 

1487 

927 

1063 


E 

1939-42 

.33 

2.35 

25.3 

23 

1641 

1765 

1761 

1884 

1369 

1464 


* Plots arranged in table according to their position in each district, 
f A—Trunk-ground ratio. B—Increase in trunk circumference. 

C—Terminal length. D—Biennial bearing index. 

O—No adjustment. 

t All yields are expressed in terms of loose bushel boxes per acre* 
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APPENDIX—Continued 

Table 9.—“Summary** data from McIntosh trees— Continued 


1 

2 

3 

4 

5 

6 

7 

1 ^ 

1 9 

1 10 

11 

12 

1 13 

Plot 

Tree 

Years 

averaged 

At 

Bt 

ct 

Dt 

Total yield!, adjusted for 

Profitable vieldt. 
adjusted for 







Of 

At 

Act 

ACDt 

ot 

At 





cm. 

cm. 


boxes 

boxes 

boxes 

boxes 

boxes 

boxes 

G50 

A 

1939-42 

.47 

2.82 

27.3 

80 

957 

833 

801 

1229 

810 

715 


B 

1939-42 

.36 

3.10 

26.0 

65 

1076 

1146 

1132 

1480 

894 

948 


C 

1939-42 

.39 

2.90 

27.6 

67 

1132 

1150 

1114 

1472 

957 

971 


D 

1939-42 

.47 

3.27 

28.4 

71 

1188 

1064 

1017 

1397 

950 

855 


E 

1939-42 

.46 

3.10 

23.9 

76 

1013 

907 

922 

1328 

839 

758 

G26 

A 

1939-42 

.36 

2.37 

22.7 

17 

1211 

1281 

1313 

1404 

1055 

1109 


B 

1939-42 

.31 

1.55 

26.6 

23 

1447 

1606 

1584 

1707 

1170 

1292 


C 

1939-42 

.38 

2.52 

25.9 

7 

1792 

1827 

1815 

1815 

1484 

1511 


D 

1939-42 

.29 

2.12 

22.0 

19 

1174 

1368 

1410 

1512 

993 

1143 


E 

1939-42 

.36 

1.40 

24.8 

10 

1708 

1778 

1781 

1834 

1460 

1514 

G18 

A 

1939-42 

.40 

3.65 

27.9 

59 

957 

957 

917 

1227 

727 

727 


B 

1939-42 

.38 

3.65 

25.9 

63 

866 

901 

889 

1226 

685 

712 


C 

1939-42 

.39 

2.92 

25.2 

59 

1149 

1167 

1164 

1480 

824 

838 


D 

1939-42 

.40 

3.40 

22.4 

61 

1138 

1138 

1174 

1500 

842 

842 


E 

1939-42 

.41 

3.57 

27.2 

65 

1012 

994 

964 

1312 

739 

725 

G17 

A 

1939-42 

.29 

1.77 

20.2 

74 

787 

981 

1047 

1443 

722 

872 


B 

1939-42 

.33 

2.62 

21.5 

77 

872 

996 

1044 

1456 

810 

905 


C 

1939-42 

.24 

1.42 

20.4 

73 

751 

1033 

1097 

1487 

703 

921 


E 

1939-42 

.33 

1.90 

16.4 

80 

781 

905 

1024 

1452 

730 

825 

G19 

B 

1939-42 

.35 

2.47 

25.1 

18 

1191 

1279 

1278 

1374 

1043 

1111 


C 

1939-42 

.35 

2.17 

20.0 

45 

956 

1025 

1266 

1266 

782 

850 


D 

1939-42 

.36 

2.37 

21.2 

30 

1128 

1198 

1251 

1411 

1056 

1110 

G20 

A 

1939-42 

.31 

2.05 

22.5 

50 

1296 

1455 

1605 

1873 

1188 

1310 


B 

1939-42 

.32 

2.32 

24.4 

29 

1150 

1291 

1341 

1496 

1029 

1238 


C 

1939-42 

.35 

1.82 

22.6 

18 

1175 

1263 

1381 

1477 

1065 

1133 


D 

1939-42 

.34 

1.25 

18.8 

20 

1235 

1341 

1479 

1586 

1128 

1209 


E 

1939-42 

.31 

1.60 

13.1 

25 

775 

934 

1147 

1281 

727 

849 

W2 

A 

1939-42 

.35 

2.62 

20.5 

30 

842 

930 

992 

1152 

697 

765 


B 

1939-42 

.34 

2.25 

21.7 

34 

830 

936 

982 

1164 

715 

796 


E 

1939-42 

.32 

1.82 

16.4 

16 

1175 

1316 

1435 

1521 

1080 

1299 

W7 

A 

1939-42 

.28 

2.42 

33.0 

15 

781 

993 

882 

962 

655 

818 


B 

1939-42 

.34 

2.00 

25.5 

18 

1018 

1124 

1117 

1213 

847 

928 


C 

1939-42 

.29 

1.82 

24.9 

17 

895 

1089 

1090 

1181 

739 

889 


D 

1939-42 

.33 

' 1.60 

24.7 

20 

914 

1038 

1042 

1149 

774 

869 


E 

1939-42 

.31 

3.10 

32.1 

14 

578 

737 

639 

714 

484 

606 

W6 

B 

1939-42 

.32 

2.32 

26.8 

75 

775 

916 

891 

1292 

715 

924 


C 

1939-42 

.29 

1.42 

19.4 

36 

660 

854 

931 

1123 

636 

786 


D 

1939-42 

.29 

1.87 

25.2 

32 

763 

957 

954 

1125 

696 

846 

W5 

C 

1940-41 

dism 

1.80 

20.6 

21 

1212 

1388 

1449 

1561 

993 

1129 


£ 

1940-41 

.32 

1.50 

16.3 

35 

994 

1135 

1255 

1442 

813 

1022 


* Plots arranged in table according to their position in each district, 
t A—Tnink'ground ratio. B—Increase in trunk circumference. 

C—Terminal length. D—Biennial bearing index. 

O—No adjustment. 

X All yields arc expressed in terms of loose bushel boxes per acre. 
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APPENDIX—Concluded 

Table 9. —“Summary** data from McIntosh trees— Concluded 


1 

2 

3 

4 

5 

6 

7 

8 1 

9 1 

10 1 

11 

12 1 

13 

Plot 

no.* 

Tree 

no. 

Years 

averaged 

At 

m 


Dt 

Total yieldt, adjusted for 

Profitable yieldt. 
adjusted for 


m 



ot , 

At 

ACt 

ACDt 

Ot 

At 





cm. 

cm. 


boxes 

boxes 

boxes 

boxes 

boxes 

boxes 

W9 

F 

1939-42 

.40 

3.24 

27.9 

26 

1512 

1512 

1472 

1610 

1086 

1086 


G 

1939-42 

.34 

2,72 

28.3 

21 

1361 

1467 

1421 

15.33 

1120 

ilzoi 


H 

1939-42 

.44 

3.52 

31.2 

28 

1689 

1619 

1533 

1683 

1289 

1235 


1 

1939-42 

.37 

2.99 

31.7 

23 

1589 

1642 

1549 

1672 

1160 

1201 


J 

1939-42 

.43 

3.32 

28.8 

13 

1680 

1627 

1574 

1643 

1402 

1361 


K 

1939-42 

.37 

2.92 

29.3 

8 

1580 

1633 

1574 

1617 

1322 

1363 

W8 

F 

1939-42 

..34 

2.95 

25.8 

20 

1547 

1653 

1642 

1749 

1020 

1101 


G 

1939-42 

.39 

3..S6 

29.3 

12 

1520 

1538 

1479 

1543 

1269 

1283 


H 

1939-42 

.33 

2.81 

24.4 

18 

1183 

1307 

1315 

1411 

1038 

1133 


I 

1939-42 

.38 

3.38 

28.0 

10 

14«8 

1533 

1491 

1544 

1287 

1314 


J 

1939-42 

.30 

2.38 

26.0 

10 

1153 

1329 

1315 

1368 

999 

1135 


K 

1939-42 

.35 

2.98 

28.6 

2 

1468 

1556 

1506 

1517 

1248 

1316 

WTO 

F 

1939-42 

.47 

1.61 

26.1 

34 

1555 

1431 

1409 

1591 

1.350 

1255 


G 

1939-42 

.44 

1.41 

25.5 

31 

1338 

1268 

1261 

1427 

1180 

1126 


H 

1939-42 

.47 

1.82 

25.1 

29 

1665 

1541 

1540 

1695 

1435 

1340 


I 

1939-42 

.47 

1.59 

24.5 

26 

1448 

1324 

1331 

1469 

1265 

1170 

014 

A 

1938-42 

.36 

2.94 

24.2 

24 

968 

1039 

1048 

1177 

935 

989 


B 

1938-42 

.35 

2.96 

24.8 

29 

1285 

1373 

1376 

1531 

1113 

1181 


C 

1938-42 

.40 

3.40 

22.2 

16 

1327 

1327 

1366 

1452 

1200 

1200 


D 

1939-42 

.39 

2.40 

20.7 

4 

1447 

1465 

1556 

1577 

1326 

1340 


E 

1938 42 

..39 

2.86 

23.8 

27 

1153 

1171 

1188 

1332 

1050 

1064 

017 

A 

1939-42 

.32 

2.62 

23.8 

75 

836 

977 

994 

1395 

732 

941 


B 

1939-42 

,36 

3.27 

24.2 

78 

980 

1050 

1061 

1478 

878 

932 


C 

1939-42 

.37 

2.87 

25.7 

65 

875 

928 

918 

1266 

788 

829 


D 

1939-42 

.38 

2,87 

28 5 

62 

1017 

1052 

1004 

1336 

884 

911 


E 

1939-42 

.33 

2.60 

23.5 

81 

972 

996 

1017 

1451 

775 

870 

015 

A 

1939-42 

.27 

3.82 

35.7 

38 

799 

1028 

880 

1083 

565 

742 


B 

1939-42 

.26 

3.25 

3-*. 6 

27 

986 

1232 

1099 

1243 

799 

989 


C 

1939-42 

.32 

2.57 

36.3 

28 

1126 

1207 

nil 

1261 

860 

1069 


D 

1939-42 

.27 

2.95 

31.3 

13 

981 

1210 

1123 

1192 

829 

1006 


E 

1939-42 

.24 

2.85 

29.5 

37 

889 

1171 

1109 

1307 

806 

1024 

019 

A 

1938-41 

.36 

1,60 

16.4 

73 

906 

976 

10<;5 

1485 

761 

815 


B 

1938-41 

.37 

1.45 

13.7 

49 

819 

872 

1028 

1290 

619 

660 


C 

1938-41 

.35 

1.57 

13.1 

70 

871 

959 

1124 

149ft 

721 

789 


D 

1938-41 

.36 

1.67 

13.1 

70 

832 

907 

1072 

1446 

698 

752 


E 

1938-41 

.37 

1.45 

17.0 

24 

872 

925 

1036 

1164 

786 

827 


* Plots arranged in table according to their position in each district. 
fA—Trunk-ground ratio. B—Increase’ trunk ciicumterencc. 

C—Terminal length. D—Biennial bearing index. 

O—No adjustment. 

1 All yields are expressed in terms of loose bushel boxes per acre. 




BOOK REVIEW 


The Cattle of Britain. By Frank H. Garner, Cambridge University. 

158 pages, 60 figs. Longmans, Green & Co., 215 Victoria St., 
Toronto 1, Ont. 1944. Price $5.50. 

Practically all of the breeds of cattle which have been utilized in 
developing the cattle industry of Canada had their origin in Great Britain. 
Since this is the case, it is a matter of special interest to Canadians that a 
new book The Cattle of Britain, by a British authority, has just been 
published. The author is Frank H. Garner, Lecturer in Agriculture at 
Cambridge University and for some time Agricultural Organizer in East 
Suffolk. 

This book may well serve in a dual role, namely, as a handbook for 
cattle raisers and as a text-book or reference for animal husbandry students 
in Colleges or Schools of Agriculture. The subject of cattle production 
under the conditions prevailing in Great Britain is treated in an essentially 
practical manner; the best in British practices has been sorted out and the 
methods discussed in a very readable style. 

The forepart of the book is devoted to a historical account of the 
development of the cattle industry of Great Britain, including some com¬ 
ment on the work of early improvers, the formation of breeds, agricultural 
shows and other such matters. The importance of cattle raising in the 
agricultural pattern of Britain is then discussed. A considerable section 
concerns itself with certain general problems of cattle management, includ¬ 
ing a consideration of some of the common ailments and pests. Beef 
cattle, dairy cattle, and dual purpose cattle are each dealt with in turn; 
the breeds common to Britain are described and methods appropriate to 
the various types of cattle production are outlined. 

The concluding chapter of The Cattle of Britain brings us up to date 
on the effects of the war on the cattle industry of Breat Britain. Of special 
interest is an account of the steps which have been taken to improve the 
quantity and quality of the milk supply and the effect of the ploughing-up 
campaign on methods of beef production. 

The book carries sixty excellent illustrations displayed on glossy 
paper. Included is a pen drawing of the Smithfield Show Champion in 
1873 (24 cwt. at 4 years of age). 

R. D. Sinclair. 
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THE ACID-OXALATE EXTRACTS OF PODZOL AND 
PODZOLIC SOILS‘ 

P. G. Lajoie* and W. a. DeLong* 

Macdonald College^ Quebec 

The acid ammonium oxalate extraction method of Tamm (9) has been 
applied to the study of the problems of soil genesis and of the differentiation 
of podzol, brown forest, and ground-water soils. Thus, Lundblad (7) and 
Hoon (6) have found marked differences in the amounts of silica and of 
sesquioxides extracted from the various horizons of soils of the classes 
mentioned. The procedure is considered to give an approximate measure 
of the quantities of reactive weathering products in the soil. 

It was thought possible that the Tamm procedure might have some 
usefulness in the differentiation of soil types. The objective of the present 
investigation was to test this possibility in the case of a number of podzolized 
soils. Duplicate, in one instance triplicate, profiles of 7 soil types were 
examined with this end in view. These 7 types have been classified (2) 
as belonging to the following soil groups: podzols, ill-drained podzols and 
brown podzolics, with one soil described as transitional between the podzols 
and the brown podzolics. In the present report this transitional soil has 
been classed as a brown podzolic for purposes of discussion. Some in¬ 
formation on these soils is presented in Table 1. They are more fully 
described elsewhere (2). 

1 Ba.scd on a thesis presented by P. G. Lajoic to the Faculty of Graduate Studies of McGill University in 
partial fullilnient of the requirements for the decree of Master of Science. Contribution from the Faculty of 
Agriculture, McGill University, Macdonald College, Que., (.'.anada. Macdonald College Journal Series No. 200 
Presented before a meeting of the Soils Group of the Canadian Society of Technical Agriculturists of Toronto, 
Ontario, June 27-29, 1944. 

* Soil Specialist, E:^rimental Farm Service, Dominion Department of Agriculture, presently stationed 
at Macdonald College, Quebec. 

• Associate Professor of Chemistry, 


Table 1.—Description of soils studied 


Soil group 

I 

Soil type 

Dominant parent materials 

Podzols 

Ascot s. loam (2)* 

Non-calciferous slates and shales. 


Greensboro loam (2) 

Greensboro loam, strongly roll- 

Slate; impure limestone. 


ing phase (2) 

Slate; impure limestone. 

Poorly-drained 

podzols 

Magog stony loam (2) 

Non-calciferous slates and shales. 

Brompton stony loam (3) 

Slate; sandstone. 

Brown 

Berkshire loamf (2) 

Schist. 

Podzolic 

Woodbridge loam (2) 

Schist. 


♦ Indicates the number of profiles studied. 

t Considered as transitional between the podzols and the brown podzolic soils. 
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EXPERIMENTAL 

In the collection of the podzol samples no attempt was made to 
separate an Ai horizon, the profiles of this class examined being practically 
devoid of this horizon. The horizon designated as Ao therefore includes 
all the soil between the litter and the A 2 in the case of the podzol profiles 
studied. 

All analytical determinations were made on air-dry soil passing a 
1.0 mm. sieve. The following characteristics were determined: loss on 
ignition, pH, and the amounts of silicon, iron, aluminium, titanium 
manganese and phosphorus brought into solution by extraction with the 
Tamm reagent. 

The pH values were determined electrometrically using a glass elec* 
trode and a Hellige pH meter at a soil: water ratio of 1 : 2.5, The results 
for loss in ignition and pH are shown in Table 2. 

The acid ammonium oxalate reagent was prepared according to the 
method of Lundblad (7). The extractions with this reagent were made 
by placing S-gram samples of soil in 250 ml. Erlenmeyer flasks containing 
100 ml. of the solution and shaking continuously for 30 minutes on a 
horizontal rotating shaking machine. The mixture was then filtered by 


Table 2. —Mean percentage values for loss on ignition and pH ranges 


Horizon 

Podzols 

Ill-drained podzols 

Brown podzolics 

Loss on 
ignition 

pH range 

Loss on 
ignition 

pH range 

Loss on 
ignition 

pH range 

■■ 

mm 

3.'7-4.6 

22.7 

4.1-6.0 

16.7* 

4.5-4.9* 



4.0-4.6 

3.5 

4.0-6.2 

6.Of 

4.5-4.6t 


11.0 

4.1-4.8 

2.0 

5.5-6.8 

6.4 

4.7-5.2 


5.7 

4.6-5.1 

— 

— 

4.8 

5.0-5.3 

H 

2,0 

4.8-5.9 

1.3 

5.6-6.9 

2.2 

5.1-5.8 


• Average values for the Ao horizon of the Berkshire soils and the A horizon of the Woodbridge soils, 
t Loss on ignition $^nd pH values for the Berkshire soil only. 


suction using a No. 5 Whatman paper, the residue returned to the flask 
and the extraction repeated. Finally, the residual soil was washed with 
25 ml. of the extracting solution. The filtrates and washings were taken 
to dryness on the steam bath and ignited at 550® C. The ignited residues 
were dissolved in concentrated hydrochloric acid and the solution taken to 
dryness to dehydrate the silica. After dissolving the sesquioxides in 
.HCl solution the filtrate was again dehydrated to ensure complete recovery 
of silica. The total silica was determined gravimetrically. The filtrate 
and washings frojgj;^the silica separation were made up to a volume of 200 
ml. and suitable aliquots taken for the determination of manganese, 
titanium, iron and phosphorus. The remainder of the solution was used 
for the determination of total sesquioxides, that is, of the oxides of iron, 
aluminium, titanium and phosphorus without manganese. The method 
used was that of Hillebrand and Lundell (5). 

Iron, phosphorus, titanium and manganese were determined colori- 
metrically, iron by the method of Dyer and McFarlane (3), phosphorus by 
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that of Dyer and Wrenshall (4), titanium by the procedure of Hillebrand 
and Lundell (5, p. 456), and manganese by that of Richards (8). Alumina 
was estimated as the difference between the total sesquioxide minus the 
sum of the oxides of iron, titanium and phosphorus. 

RESULTS AND DISCUSSION 

The data obtained for the amounts of silica extractable from these 
soils by the Tamm reagent are given in Table 3. The podzols and the 
transitional Berkshire soil showed, as expected, very small amounts of 
oxalate-soluble silica in the Ao horizons, with some accumulation of this 
component in the B horizons, especially in the Bo. The amount of this 
fraction was low and uniform throughout the profiles of the ill-drained 
podzols and of the brown podzolic Woodbridge soil. 


Table 3.—Mean values for extractable silica as percentage of dry soil 


Horizon 

Podzols 

Ill-drained 

podzols 

Transitional 

(Berkshire) 

Brown podzolic 
(Woodbridge) 

Ao 

.03 

.03 

.05 

.08 

A, 

.03 

.03 

.02 

— 

B, 

.1<3 

.03 i 

.08 

.04 

B, 

.25 

— 1 

.10 

.08 

C 

.10 

.04 

.09 

.07 


The molar silica-sesquioxide ratios shown in Table 4, exhibited the 
expected zig-zag pattern in the podzol profiles, were relatively uniform 
throughout the profile in the brown podzolic vsoils, and showed a general 
increase with depth in the ill-drained podzols. The mean values of these 
ratios are shown in Table 4. It would appear from these results that these 
ratios might be used for differentiation at the soil group level but further 
confirmatory work is desirable. 

Table 4.—Mean values of the molar silica-sesquioxide ratios 


Horizon 

Podzols 

Brown podzolic 

Ill-drained podzols 

SiOa 

Fe»0, 

Si02 

AWz 

Si02 

Fe-iOa 

1 

1 AI2O3 

SiO* 

Fe^Oa 

SiOs 

AhOi 

Ao 

.11 

.16 

.19 

.23 

.12 

.10 

Aj 

.40 

.55 

.16* 

1 .17* 

.32 

.27 

B, 

.18 

.15 

.16 

1 

.51 

.48 

B, 

.91 

.34 

.24 

.19 

— 

— 

C 

1.29 

.45 

.40 

.48 

.63 

.77 


* Berkshire soils only. 


As a rule, the greatest amount of oxalate-soluble manganese was found 
in the surface horizons, Ao or A. Generally, the amount of this component 
in the extracts obtained from the C horizons was equal to or greater than 
that in the extracts obtained from the corresponding B horizons. The 
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mean, minimum and maximum values for extractable manganese, expressed 
as percentage of Mn 304 removed from the soil, are tabulated below. 



Ao 

A* 

B or Bi 


C 

Mean 

.550 

.009 

.017 

.024 

.027 

Minimum 

.002 

.000 

.001 

.011 

.010 

Maximum 

.150 

.037 

.039 

.039 

.052 


Since the quantities of oxalate-soluble iron, aluminium, titanium and 
phosphorus showed similar profile distributions they will be considered 
simultaneously. Of these four elements iron was considered to show the 
most characteristic distribution in the profiles of the soils examined. That 
is, the data for extractable iron accorded best with the generally-accepted 
picture of distribution under podzolization. Nevertheless, the quantities 
of all four of these elements extracted from the different horizons of the 
podzol profiles followed the same pattern. Thus, all were present in but 
small amounts in the A 2 , in considerably greater amounts in the Bi, and 
in decreasing amounts in the B 2 . The pattern in the podzolic profiles was 
similar although the increase of soluble iron and aluminium in the B 
horizons was less marked. The ill-drained podzols, however, exhibited 
quite a different picture in this respect, as may be seen by reference to 
Table 5. In this table the mean values for the amounts of the four 
elements under consideration which were found in the extracts are given. 

Table 5.—Mean values for oxalate-soluble iron, aluminium, phosphorus 

AND titanium EXPRESSED AS PERCENTAGE OF DRY SOIL 


Component 

Horizon 

Podzols 

Brown podzolic 

Ill-drained podzols 

Fe20j 

Ao 

.64 

.77 

.86 

A, 

.16 

.26* 

.36 


B, 

3.02 

1.13 

.20 


B 2 

.75 

.84 

— 


c 

.27 

.31 

.16 

AbOi 

Ao 

.29 

.46 

1.56 


A, 

.07 

.47* 

.27 


Bi 

1.58 

1.11 

.13 


Bo 

1.43 

.70 

— 


C 

.38 

.25 

0 

00 

P 2 O. 

Ao 

.086 

.118 

.206 


A, 

.017 

.039* 

.053 


By 

.081 

.083 

.041 


B* 

.068 

.073 

— 


C 

.038 

.047 

.050 

TiO, 

Ao 

.080 

.124 

.148 


A, 

.020 

.071* 

.052 


Bi 

.147 

.149 

.033 



.082 

.130 

— 



.050 

.035 

.012 


* Berkshire soils only. 


The results for phosphorus suggested that the Tamm reagent was a 
comparatively good solvent for the compounds of this element present in 
these acid soils. The percentage of the total phosphorus extracted from 
the various horizons of two of the profiles under study is shown in Table 6 
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along with the percentage of phosphorus in organic combination as deter¬ 
mined by Cann (1). Comparison of the values indicates that the Tamm 
reagent extracts both inorganic and organic compounds of phosphorus. 
This is evident when it is noted that 58.7% of the total phosphorus of the 
Magog Ao horizon is oxalate-soluble whereas only 20% is inorganic, and 
that 28.2% is extracted from the Magog B horizon which contains only 
3% of organic phosphorus. 


Table 6. —Percentage of total phosphorus, A, extracted by the Tamm 

REAGENT, B, PRESENT IN ORGANIC COMBINATION 


Soil type 

Horizon 

A 

B 

Ascot sandy loam (Podzol) 

Ao 

33.9 

58 


Aj 

10.0 

49 


Bi 

39.4 

42 


Bi 

37.7 

19 


C 

27.7 

4 

Magog stony loam (ill-drained 

Ao 

58.7 

80 

podzol) 

A, 

18.5 

12 


B 

28.2 

3 


C 

29.3 

5 


None of the components of the Tamm extract proved to be a suitable 
criterion for the differentiation of the soil types examined. The variability 
within a given soil type was too great. This point is illustrated in Table 7, 
which gives the extractable iron contents of the individual profiles e.xamined. 


Table 7. —Oxalate-soluble iron expressed as percentage of FE 2 O 3 , 
REMOVED from THE SOIL 


Soil 

A 2 

Bi 

B 2 

C 

Ascot sandy loam 

.40 

2.30 

65 

.25 

.03 

4.64 

.64 

.20 

Greensboro loam 

.13 

2.28 

.62 

.36 


.10 

1.18 

1.35 

.33 

Greensboro loam, rolling phase 

.05 

3.93 

.89 

.12 

.23 

3.69 

.36 

.33 

Berkshire loam 

.28 

1.43 

.87 

.50 


.24 

1.20 

.90 

.35 

Woodbridge loam 

— 

.80 

.68 

.23 

— 

1.09 

.90 

.16 

Magog stony loam 

.18 

.11 

— 

.27 

.24 

.33 1 

— 

.08 

Brompton stony loam 

.91 

.28 

— 

.16 

.32 

.18 

— 

.22 


.14 

.07 

— 

.09 


Examination of this table shows, for example, that on the basis of the 
oxalate-soluble iron in the B horizons Ascot soils might be confused with 
Greensboro soils, Greensboro with Berkshire, and Magog with Brompton. 
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The data for the other components of the extracts were equally inefficient 
in providing a basis for differentiation at the soil type level. The magnitude 
of the variability among replicate profiles which is illustrated in Table 7 
indicates that it is not practicable to obtain such differentiation by studying 
larger numbers of profiles of these soil types. 

SUMMARY 

An attempt has been made to apply the acid ammonium oxalate 
extraction method of Tamm to the differentiation of soil types. Duplicate, 
in one instance triplicate, profiles of 7 soil types of podzolic origin were 
examined. The amounts of silicon, manganese, iron, aluminium, phos¬ 
phorus and titanium extracted were determined. 

The results obtained indicated that the Tamm method is incapable 
of providing criteria for the differentiation of podzol or podzolic soils at the 
soil type level. 

The Tamm reagent proved to be a comparatively good solvent for the 
phosphorus compounds in these podzolized soils. It is capable of extract¬ 
ing both organic and inorganic compounds of phosphorus. 
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A STUDY OF THE VARIABILITY OF CERTAIN CHEMICAL 
PROPERTIES IN SOILS^ 

A. J. MacLean* and R. Summersy* 

Macdonald College, Quebec 

Soil heterogeneity as reflected in yields of experimentally grown crops 
has been noted by agronomists for many years. Harris and Scofield (7), 
Garber and Hoover (6) have shown the permanence of differences in 
experimental plots over a period of years. This would seem to indicate 
that in many cases at least, heterogeneity in crop yields is not due to 
transient effects of previous crops, but to real differences in the soil itself. 
While soil chemists too have been awaie of soil variability, and have 
considered it in relation to soil sampling, in the main it has not been given 
the same attention accorded it by agronomists. 

The Macdonald College Soil Fertility Committee has carried on 
during the past few years, soil fertility studies on farms in the region of 
Sawyerville, Compton County, Quebec. In 19.^7 and 1938 when new 
areas were selected for this work, it was deemed advisable to obtain some 
information on the uniformity of these areas in respect to chemical pro¬ 
perties. Such information should b(' suggestive of how intensive a sampling 
procedure should be, to represent adequately the soils of this region. It 
should also throw some light on how suitable such areas as thovse selected 
are for experimental purposes, and should provide some guidance in the 
selection of plots from experimental areas for chemical studies. While the 
results to be presented cannot be applied in full to other areas, they do 
indicate the degree, and to some extent the pattern, of soil variability that 
may be encountered. 


REVIEW OF LITERATURE 

It is to be expected in cases where row applications of fertilisers have 
been made in large amounts, that the soil will have been made variable. 
This is shown in the studies of Horton and Stinson (8) where it was found 
that the residual effects of fertilizer application to tobacco soils presented 
a sampling problem. Again, a constituent such as nitrate would be 
expected to be variable. This has been shown to be true in investigation 
by Waynick (17), Prince (11), Karraker (9), and Blaney an 1 Smith (2). 

It is of interest to note the variation in chemical properties which has 
been found to exist in what were considered to be uniform fields. Robinson 
and Lloyd (12) were among the first to make a study of the magnitude of 
field sampling errors due to the variability in the soil from point to point, 
where samples are taken. Phosphoric acid and organic matter estimates 
on 15 borings from a field of uniform appearance, indicated the field errors 
of a boring to be of greater magnitude than the laboratory errors. 

1 Contribution from the Faculty of Agriculture, McGill University, Macdonald College, Que., Canada. 
Macdonald College Journal Series No. 194 representing a part of a M.Sc. thesis presenteo at McGill University 
by A. J. MacLean. Presented before a meeting of the Soils Group of the Canadian Society of Technical 
Agriculturists at Toronto, June 27-29, 1944. 

* Formerly Graduate Assistant in Soil Fertility, Macdonald College, now employed with Canadian Defence 
Industries Ltd., Nitro, Que. 

• Professor and Chairman of Department of Agronomy. 
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Bear and McClure (1) determined the total nitrogen content of 45 
borings taken to depth of 6§ inches in case of surface samples, and from 
6f to 13^ inches in case of subsurface samples, from a 1/20-acre plot chosen 
for its uniformity. The nitrogen content varied from 0.118 to 0.243% in 
subsurface soil. 

Waynick and Sharp (18) determined total nitrogen and carbon of 
100 borings taken to a depth of 1 foot from each of two areas about 1.1 
acres in size, selected for their uniformity. The field sampling errors 
exceeded the. laboratory errors. In the case of one of the areas, the co¬ 
efficient of variability for nitrogen, as well as for carbon, was found to be 
9.00%. In the other area the coefficients of variability were 21.87 and 
25.11% for nitrogen and carbon, respectively. 

Frear and Erb (5) employed three methods in sampling two one- 
eighth-acre plots. Loss on ignition, nitrogen, potassium and phosphoric 
acid were determined. They report that despite unusual care, the sampling 
error remains greater than laboratory error. 

Prince (11) determined in duplicate the total nitrogen content of 
each of 25 samples distributed over each of three plots which had received 
different treatments for a period of years prior to sampling. The coefficient 
of variability of the field samples was higher than that estimated from 
laboratory duplicates, in the case of each plot. However, the plots were 
found to be relatively uniform, the highest coefficient of variability being 
5.57%. 

Collins and Hodgen (3) studied variability of soils represented at 
five locations serving as sites for peanut production in North Carolina. 
A composite sample of 9 borings was taken from each 1/50-acre plot. On 
144 plots at each location, tests for potassium, magnesium, calcium, 
phosphorus and pH were made by Hester’s method, slightly modified. 
Considering that the fields were selected as uniform, the variations suggest 
necessity of careful sampling. 

Youden and Mehlich (20) report a study of the variability of two soils 
not under cultivation, and representative of soils which might be studied 
in a soil survey in determining a soil type. Samples were taken at distances 
of 10 feet, 100 feet, 1000 feet and 1 to 3 miles, and pH determined. They 
conclude that intervals of 10 or 100 feet are too small for effective sampling. 

MATERIALS AND METHODS 

The studies to be reported are based on soils of experimental plots on 
each of four farms, in the Eastern Townships region of Quebec. These 
farms are designated as the B, McK, H and M farms, and they are located 
in the vicinity of Sa^erville, Quebec. 

A description of the soils of this region may be obtained from the Soil 
Survey report of the area (13). All the experimental areas are located in 
the podzol zone on what has been mapped as a Greensboro loam. It is 
reported that the underlying formation is Ordovician black and grey 
slates and interbedded limestones, with some schistose material. The 
parent material is of glacial till, and contains impure limestone and slate. 
The drainage is reported to be good. 
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From observation the selected farms would appear to be typical of 
the region, and the usual rotation is a crop of oats, followed by hay crops, 
until yields become unduly low. The chief fertilizer application has been 
farmyard manure. All the experimental areas are located on a gentle 
slope. At time of selection each area was in sod, afid all were ploughed 
and disced before sampling. From within duplicate blocks on each area, 
7 plots were chosen at random from 21 plots comprising a block. Each 
selected plot was divided into halves, and these two half-plots constituted 
the units sampled for soil variability studies. On the B and McK farms 
the plots are 13 feet X 16.75 feet, and are separated by 2 ft. alleys. On 
the H and M farms, the plots are 10 feet X 20 feet, and are separated by 
3 ft. alleys. Following plowing and discing of the soil, a composite sample 
was taken from each half-plot. On the B and McK areas sampled in 
October 1937, each composite consisted of 8 uniformly distributed spade 
slices of soil to plough depth. In the case of the H and M areas, sampled 
in October 1938, each composite consisted of 6 uniformly distributed 
borings to plough depth, taken with a soil sampling tube 1-J" in diameter. 

As a measure of soil variability, the following analyses were made: 
pH. total nitrogen, easily oxidizable carbon, exchangeable potash, and 
easily soluble inorganic phosphorus. Measurements of pH were made by 
means of a Hellige pH meter, provided with a glass electrode, on 1-1 
suspension of soil according to Methods of Analysis (10). Total nitrogen 
was determined by the Gunning-Hubbard method as outlined in Methods 
of Analysis (10). Carbon was determined by the method of Thomas and 
Williams (14), excepting that weighed 5-gram samples were used. In the 
determination of exchangeable potash, extraction and preparation for the 
estimation were done according to the method of Volk and Truog(16). 
The determination was completed as directed by Wilcox (19), the volu¬ 
metric procedure being used. Easily soluble phosphorous was determined 
by the method of Truog (15) the readings being made visually with a 
Kennicott-Campbell-Hurley calorimeter. In the determination of pH 
with the method employed, the greatest discrepancy in readings on the 
same sample has been 0.05 pH unit. Single determinations only of pH 
were made. All other analyses were performed in duplicate. 


DISCUSSION OF RESULTS 


General Variability 

The variation resolves itself into the following categories: variation 
between farms, variation between blocks within farms, variation between 
plots within blocks, variation betw'^en the halves of each plot, and where 
duplicate laboratory determinations were made, the variation between 
these duplicates, designated as subsamples. It is believed that a com¬ 
parison of the sources of variation will give a picture of the nature of 
variability present. 

The detailed analytical results are given in Appendix Tables I and 11. 
These data have been treated statistically by means of the analysis of 
variance of Fisher (4). In making comparisons, F values are used. In 
Table 1 the variances for the sources of variation are given for each con¬ 
stituent, comparisons being made between variances in brackets. 
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Table 1.—Comparison of sources of variability of constituents studied 


Sources of variation 

D.F. 

pH 

variance 

Between Farms 

3 

1.578l| 

Between 

Blocks within farms 

4 

O.OS87I 

Between 

Plots within blocks 

48 

0.089l} 

Between 

Half-plots within 
plots 

56 

0.0056] 

Between 

Subsamples within 
half-plots 

112 

— 


Total N. 
variance 


0.026S48| 

0.000723] 

0.002048} 

0.000549, 

0.000007 


Easily 
oxid. C 
variance 

Exchange¬ 

able 

Easily 
sol. inorg. 

F. value 

required 

potash 

variance 

phosphorus 

variance 

P : .05 

P: .01 

2.253 

0.1077. 

25811.2’ 

t 

2280.Sj 

23696.3] 

74.0] 

t 6.59 

16.69 

0.3265} 

1586.3} 

74.5} 

2.56 

3.74 

0.0944} 

t 

803.8. 

t 

28.6. 

t 1.58 

1.90 

0.0046} 

t 

19.5. 

^ 4.3) 

t 1.48 

1.73 


• Significant difference, 
t Highly significant difference. 


From Table 1, the following observations may be noted: 

(1) There is greater variation between experimental areas on the 
different farms than within these areas in respect to all constituents con¬ 
sidered. Although seasonal effect is confounded with the differences 
between farms, it is not considered to alter the general conclusion since it 
was found that farms sampled in the same year showed appreciable differ¬ 
ences. Constituents such as total nitrogen and easily oxidizable carbon 
would not be expected to show measurable differences within the period 
in question. 

(2) With the arrangement of blocks and plots employed, the variation 
between blocks was not shown to be different from the variation between 
plots within the blocks. An examination of the data of the individual 
farms involved in Table 1, however, showed that this did not hold true 
for the B farm in respect to phosphorus and potash, nor for the McK farm 
in respect to phosphorus in which cases the block variances exceeded the 
plot variances, using the .05 point. With reservation because of the 
exceptions noted, it may be stated that with the block and plot arrange¬ 
ment used, no appreciable gradient in respect to the content of the various 
constituents was found within the experimental area of each farm studied, 
as measured by the plot variances. 

(3) There is greater variation between plots than between the halves 
of these plots in respect to all constituents studied. Considering the 
farms individually this did not apply in the case of the B farm in respect 
to nitrogen and carbife, nor in the case of the H, McK and M farms in 
respect to potash, although the latter two farms showed a trend in support 
of the general conclusion. It would seem in general that the soil variability 
studied here follows a random pattern, giving rise to appreciable differences 
between plots within the same block as measured by the half-plot variances. 
From the smaller half-plot variances it would appear that within limited 
areas such as those of the plots employed, less soil variability occurs. 
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(4) The invariably high half-plot variances as compared to subsample 
variances suggest soil variability as an important source of error in soil 
investigations. 

Table 2.—Standard errors of a single plot within a block and means for 

VARIOUS constituents 


Farms 

D.F. 

P.H. 

Total nitrogen 

Easily oxid. 
carbon 

Exchangeable 
KsO per acre 

Easily soluble 
inorg. PjO» 
per acre 



S.E. 

Means 

S.E. 

Mean 

S.E. 

Mean 

S.E. 

Mean 

S.E. 

Mean 





% 

% 

7 

/O 

lb. 

lb. 

lb. 

lb. 

B 

12 

0.16 

4.98 

0.033 

0.263 

0.45 

3.62 

40.9 

133.0 1 

5.0 

32.0 

\lcK 

12 

0.17 

5.05 

0.033 

0.303 

U.55 

3.68 

58.8 1 

96.0 

5.8 

34.0 

H 

12 

0.21 

4.87 

0.031 

0.309 

0.29 

3.27 

30.2 ; 

95.0 

6.5 

37.0 

M 

12 

0.51 

5.42 

0.071 

0.306 

0.85 

3.31 

17.2 

85.0 

53.6 

75.0 

All farms 

48 

0,30 

5.08 

0.045 

0.295 

0.57 

3.48 

39.8 

i 

102.0 

27.3 

45.0 


Variation between Plots within a Block 

In field experimentation, the precision is determined by the error to 
be associated with an individual plot. This error may be calculated from 
the plot variances of each farm, for each constituent considered. In 
Table 2 the standard errors to be associated with single plots within a 
block for each farm, and for the farms considered together, along with 
appropriate plot means are given for each constituent studied. These 
errors are made up of the error between plots within a block, the errors of 
soil sampling, and the laboratory errors. However, as the sampling for 
each plot consisted of 8 spade slices in the case of the B and McK farms, 
and 6 borings in the case of the II and M farms, from each half of 
the plot, it may be stated that the sampling has been fairly intensive. 
The laboratory errors are seen to be small, as revealed by the small sub¬ 
sample variances in Table 1. 

It will be noted from Table 2 that the plots are subject to appreciable 
errors. The magnitude of these errors may be appreciated by referring 
them to the means of the different constituents, which are estimates of the 
amount of any constituent which a single plot may be expected to contain. 
The high variability of the area on the IM farm in respect to all constituents 
except exchangeable potash suggests that this area is too variable for the 
purposes of experimentation. I'he relatively low plot error for the M 
farm and the high plot errors for ihe B and AIcK farms in respect to ex¬ 
changeable potash, would seem to indicate that in this region exchangeable 
potash cannot be used as a criterion of general variability of the soil. 

Following different treatments it is often desirable to measure and to 
compare the relative levels of a chemical constituent in the soil. From 
the Standard Errors in Table 2, the differences required for significance 
between means of any number of plots may be computed for each con¬ 
stituent. In Table 3, the differences required for significance between 
means of 2, 4, 6 and 8 replicate plots are given for each farm, and on the 
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Table 3.—Differences required for significance between means of 2, 4, 6 or 8 

REPLICATE PLOTS FOR VARIOUS CONSTITUENTS WHEN P » .05 


Farm 

Number 
of plots 
in mean 

pH 

Total 

nitrogen 

Easily 

oxid. 

carbon 

Exchange¬ 
able K,0 
per acre 

Easily soluble 
inorg. PjOf 
per acre 




% 

% 

lb. 

lb. 

B 

2 

0.31 

0.066 


81.8 

10.0 


4 

0.22 

0.048 


57.8 

7.0 


6 

0.18 


0.50 

47.2 

5.6 


8 

0.16 

0.034 


41.0 

5.1 

McK 

2 

0.34 

0.066 

1.10 

117.6 

11.6 


4 

0.22 

0.048 


83.2 

8.2 


6 

0.20 


0.62 

68.0 

6.8 


8 

0.17 

0.034 


58.8 

5.9 

H 

2 

0.42 

0.062 

0.58 

60.4 

13.0 


4 

0.32 

0.046 

0.42 

42.8 

9.2 


6 

0.24 

0.036 

0.34 

34.8 

7.6 


8 

0.21 

0.031 

0.28 

30.2 

6.5 

M 

2 

1.02 

0.142 


34.4 

107.2 


4 

0 70 



24.4 

75.8 


6 

.0.60 



19.8 

62.0 


8 

0.51 



17.2 

53.7 

All farms 

2 

0.60 


1.14 

61.6 

54.6 


4 

0.42 

0.064 


43.6 

38.6 


6 

0.34 


0.64 

35.6 

31.4 


8 

0.31 

0.045 

0.56 

30.8 

27.4 


basis of all farms for each constituent considered. On the basis of the areas 
studied and with the method of sampling employed, small differences 
following treatments could not be assumed to be real. But it may be 
assumed that only 5 out of 100 times would differences exceeding those 
given in Table 3 occur by chance. The effectiveness of replication in 
increasing the accuracy of experiment, so that smaller differences due to 
treatment may be measured, is illustrated. 

In the designing of an experiment to measure the effects of different 
treatments, the question arises as to how many replicate plots are required. 
The number will depend on the variability of the soil, the size of the differ¬ 
ences it is desired to measure, and the probability we are willing to accept 
that our differences are real and not due to chance. For the qrea studied 
the number of replicate plots required to measure any desired difference 
may be calculated from the errors in Table 2, for any of the constituents 
considered. For example, if following treatments it is desired to make 
comparisons of the gj|rogen content of plots and to detect differences as 
small as .030%, the number of plots required on the basis of the plot error 
for all farms (± .045%) is found to be 18. Only 5 out of 100 times would 
a difference between means of 18 replicate plots, exceeding .030%, occur 
by chance. 

It is believed that the observations made are at least suggestive of the 
importance of certain factors relative to field technique in chemical studies 
of soils. 
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SUMMARY AND CONCLUSIONS 

The variability of pH, total nitrogen, easily oxidizable carbon, 
exchangeable potash and easily soluble inorganic phosphorus was investi¬ 
gated on experimental areas on each of four farms in the Eastern Townships 
of Quebec. Analyses for the above constituents were made on composite 
samples from each half of 7 random plots, from each of two blocks on each 
farm. 

With the arrangement of blocks and plots employed, the variation 
between blocks was not shown to be different from the variation between 
plots within the blocks. It would appear that no definite gradient exists 
across these experimental areas. 

On the basis of all farms, the standard errors of single plots for pH, 
percentage total nitrogen, percentage easily oxidizable carbon, exchange¬ 
able potash (lb. KoO per acre) and easily soluble inorganic phosphorus 
(lb. P 2 O 6 acre), were found to be 0.30, 0.045, 0.57, 39.8 and 27.3, respec¬ 
tively. The differences required for significance between means of 2, 4, 
6 or 8 replicate plots were calculated for each constituent. It was shown 
that following treatment small differences could not be assumed to be real. 
The effectiveness of replication in increasing the accuracy of an experiment 
so that smaller differences could be measured was illustrated. 

The significantly higher half-plot variances as compared to those 
computed from duplicate laboratory determinations, indicates that atten¬ 
tion should be given to sampling of soils for chemical studies. 

Realizing the complexity of soil viiriability and that only the ploughed 
layer has been .studied, as well as the fact that a number of factors give 
rise to variable stands on plots treated alike, it is not supposed that results 
from chemical studies will parallel those of uniformity trials. However, 
some correlation is expected. The studies reported have indicated the 
M farm to be especially variable. This was borne out in marked irregu¬ 
larities which occurred in stands of clover on this experimental area. It 
would appear that studies of the sort reported afford a means of eliminating 
areas unsuitable for soil fertility studies. 
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RAPID SOIL TESTS ON SOME CARLETON COUNTY SOIL' 

H. J. Atkinson*, P. O. Ripley,* and L. M. Patry* 

The county of Carleton in the Province of Ontario has an estimated 
land area of 585,600 acres. The soil survey mapped 25 different soil 
groups, comprising 37 soil types. The eleven largest groups being farmed 
together make up nearly 75% of the total land area (Table 1 ). Muck 
and peat soils cover an area of 60,480 acres. Granby sand and sandy 
loam occupy 13,760 acres, but little of this is farmed. 

Since the soil survey was made in 1941, certain lines of investigation 
have been carried out in connection with some of the major soil types with 
a view to learning something about their relative present and potential 
fertility levels as well as the adaptation oi different field crops for growth 
on these soils. This work has been conducted by the Division of Field 
Husbandry, Experimental Farms Service, with collaboration by the 
Division of Chemistry, Science Service, wherever chemical studies were 
required. 

Soil samples from the eleven types listed in Table 1 were brought into 
the greenhouse, placed in glazed pots of 1 gallon capacity and treated with 
commercial fertilizer of different formulae and at various rates. Samples 
were obtained from two farms on ea^'h soil type in 1941 (only one farm on 
the Uplands, Grenville and ('arp types) and fresh samples were taken in 
1942, in most cases from the same farms. An attempt was made to select 
one farm on each type where the number of head of livestock kept had 
been relatively high and where fairly large amounts of manure had been 
returned to the soil, thus presumably raising the fertility level somewhat 
above the average. The other farm on each soil type was selected where 
the system of farming did not provide for the keeping of so much livestock 
and where probably the fertility level was normal or somewhat below 
normal. The purpose of this selection was to study the effect of two 
different systems of farm management on the productivity of the various 
soil types. 

The crops grown in the greenhouse were barley followed by red clover 
in 1941-42, and oats followed by alfalfa in 1942-43. F'ertilizer treatments 
included the following: 

1 . Check—no treatment. 

2 . Nitrogen—40 lb. N per acre. 

3. Phosphorus—80 lb. P 2 O 5 per acre. 

4. Potassium - 60 lb. KjO per acre. 

5. Nitrogen and phosphorus. 

6 . Nitrogen and potassium. 

7. Phosphorus and potassium. 

8 . Nitrogen, phosphorus and potassium. 

The fertilizer was applied in the form of sulphate of ammonia, super¬ 
phosphate ( 20 %) and muriate of potash, applied in a layer 1 inch below 

1 Paper presented before the Soils Group of the Canadian Society of Technical Asricultiirists in Toronto 
June 28, 1944. Joint contribution from the Division of Chemistry, Science Service, and the Division of Field 
Husbandry. Experimental Farms Service. Scientific Contribution No. IIO, Division of Chemistry, Science 
Service. 

* Associate Chemist, Division of Chemistry. 

> Assistant, Division of Field Husbandry. 

< Junior Chemist. Division of Chemistry. 
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the grain which was seeded 1 inch deep. In 1941-42 one application was 
made for barley which was grown to maturity. After harvesting the 
barley, the surface soil was stirred and a second application was put on 
imm^iately previous to seeding red clover. The latter was sown i inch 
deep. In 1942-43 only one application was made when seeding oats and 
alfalfa. The fertilizer was placed in a layer 2 inches from the surface, 
then 1 inch of soil was replaced and the oats seeded 1 inch deep, then ^ inch 
of soil was replaced and the alfalfa was broadcast and covered with J inch 
of soil. The oats and alfalfa grew in the same pot in a manner simulating 
field practice. 

Soil samples for laboratory examination were taken from the soils 
used in the greenhouse work in 1941-42 and also in 1942-43. Thus, in 
most cases, there were four samples from each soil type. The following 
determinations were made on the air-dried samples: pH, moisture, loss on 
ignition, nitrogen, phosphorus, exchangeable lime, magnesia and potash, 
readily soluble phosphoric acid by the Ruhnke method, rapid tests for 
lime, magnesia, potash and phosphoric acid on all samples by the Spurway 
and the Morgan methods, rapid tests for potash and phosphoric acid by 
the Thornton method on the 1941 samples, and rapid tests for phosphoric 
acid by the Guelph modification of the Thornton method on the 1941 
samples. 

The purpose of this paper is to attempt to assess the value of the 
various rapid methods of soil testing when applied to a series of soil types, 
of varying texture, and on which several species of crops are grown. To 
do this, the results of the tests will be discussed in relation to the response 
to fertilizer applications as measured by the yields of the various crops 
grown under greenhouse conditions. The tests were applied, without 
modification, according to the directions given in the methods as published. 

The response of the crop to each of the three main fertilizer elements 
N, P and K has been expressed as a percentage increase in yield due to 
that element when used alone and with each of the other elements. Thus, 
for nitrogen, the percentage increase of the N-treated pots over the check 
was determined, also that for NP over P, for NK over K, and for NPK 
over PK. The average of these has been taken as a measure of the response 
to N fertilization. Similar calculations were made for the elements P 
and K. 

In order to give some idea as to the relative productivity of the different 
soil types, the actual yields in grams per pot obtained from the untreated 
soils are presented in Table 2. 

RESULTS 

Uplands Sand 

The first soil type to be considered is the Uplands sand, where work 
was carried out on<^|^mples from the J. Stewart farm in both years and 
from the R. Lecuyer farm in 1942. The response (Table 3) of the cereals 
to nitrogen was very marked (+ 374% for barley and + 146% for oats 
on the Stewart soil, + 75% for oats on the Lecuyer soil). The growth 
of the legumes, however, was apparently depressed by N (— 9% for 
clover and — 45% for alfalfa on the Stewart soil, — 29% for alfalfa on 
the Lecuyer soil). The total soil nitrogen was very low (less than 0.1%) 
on these soils. 
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The response to phosphorus was much less marked. An increase of 
28% on clover on the Stewart soil and 30% on oats on the Lecuyer soil 
was shown, but in all other cases, although there was an average increase, 
it was always less than 20% and the individual results showed a wide 
variation. The rapid soil tests for P show'ed'considerable variation, 
L-VVL by Spurway’s method, MH-L by Morgan’s, VH by Thornton’s 
and H by the Guelph modification. The re^adily soluble P 2 O 6 by the 
Ruhnke method on the Stewart samples was 53 and 80 p.p.m., which was 
considered to be somewhat low*, and, on the Lecuyer soil, 100 p.p.m. which 
was thought to be adequate. 

The response to potassium was not great. Although an average 
increase of 34% was obtained on clover on the Stewart soil, and 32% on 
alfalfa on the Lecuyer sample, in all other cases the average increase was 
less than 12%. Since all rapid soil tests were either low or very low, and 
the exchangeable potash was very deficient (considerably less than 0.015%), 
a more general response to potash fertilizers might have been expected. 

Rubicon Sand 

Samples on this soil type were taken from the Saunders and Hawkins 
farms. The response (Table 4) of cereals to nitrogen was very good, 
though less than that obtained on Uplands sand. The average figures 
are +62% for barley and +25% for oats on the Saunders soil, +58% 
for barley and +48% for oats on the Hawkins soil. The growth of clover 
was scarcely affected ( — 5% in the one case, +3% in the other) though 
alfalfa gave increases of 26%; and 22% on the two soils. The total soil 
nitrogen was on the low side (between 0.10% and 0.21% on four samples). 

Cereals on the Saunders soil showed no definite response to phosphorus 
(+8% for barley, —2% for oats). On the Hawkins soil, phosphorus 
gave a 24% increase with barley but a 10% decrease with oats. The 
results on the legumes were erratic. On the Saunders soil, an 8% decrease 
with clover and a 24% increase with alfalfa were recorded, but on the 
Haw+ins soil, the results were an 18% increase on clover and a 5% decrease 
on alfalfa. The rapid soil tests for P again showed a wide variation, 
L-VL by Spurway’s method, M-MH by Morgan’s, M-L by Thornton’s 
and H by the Guelph modification. The readily soluble PjOs was low 
(39-74 p.p.m.) on three soil samples, but quite adequate (US p.p.m.) on 
the fourth, the 1942-43 sample from the Hawkins farm. It was difficult 
to see any relationship here between tests and response to fertilizers. 

With one exception (barley on (he Saunders soil), there appeared to 
be a response to potash fertilization on this soil type. The increase is 
greater on the Hawkins soil than on the Saunders soil and greater wdth 
legumes than with the preceding cereals. The most outstanding increases 
were found with alfalfa, 85% on the Saunders soil and 162% on the Hawkins 
soil. All rapid soil tests recorded low or very low results, and the amounts 
of exchangeable potassium indicated a deficiency, so that a response to 
potash fertilizers was to be expected. However, amounts of exchangeable 
potassium were lower on the Uplands sand and nothing like the same 
response was obtained there. 
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Kars Gravelly Loam 

Samples of this soil type were collected from the Redmond farm in 
both years, from the McMenomy farm in 1941 and from the L. Lecuyer 
farm in 1942. The response (Table 5) of cereals to nitrogen was very 
good, the averages ranging from 80% to 171%. On the other hand, there 
was a consistent decrease in the yield of legumes where nitrogen was 
applied, particularly in the case of alfalfa on the Lecuyer sample. The 
total nitrogen of the soil samples was generally low. 

The response to phosphorus was almost negligible for all crops, the 
average figures ranging from — 2% to + 11%. Spurway’s test gave low 
results in all cases, Morgan’s, M-MH, Thornton’s, H-VH and Guelph, H. 
The McMenomy sample gave only 46 p.p.m. readily soluble P 2 O 5 , the 
Lecuyer sample 283 p.p.m., but neither showed any response to applied 
phosphorus. 

Potassium was considered deficient by all tests. Nevertheless, there 
was no response by the cereals ( — l%to +4 %) to potash fertilization. 
Alfalfa on both soil samples and clover on the McMenomy sample showed 
some response ( + 26% to +44%). A general response was to be expected. 

Manotick Sandy Loam 

Samples of this soil type were taken from the Lyttle farm in both years, 
from the McClure farm in 1941 and from the (xoodwin farm in 1942. 
Again, a good response (Table 6) to nitrogen was obtained with cereals, 
an average of 67% and 39% with barley, 44% and 69% with oats. The 
legumes, however, did not respond to this treatment, the average results 
varying from — 2% to + 8%. The total nitrogen of the soil samples 
was not very high (0.15%-0.19%). 

The average increases from phosphorus applied to cereals was less 
than 20% except with oats on the Lyttle soil where an average increase of 
32% was obtained. On the other hand, very good increases (41%-85%) 
were obtained with legumes as the result of applications of phosphorus 
except with alfalfa on the Goodwin soil where the average increase was 
only 4%. Spurway’s test (on the 1942-43 samples only) showed low 
amounts of phosphorus present, none of the others showed any amount 
higher than medium. The readily soluble phosphorus by the Ruhnke 
method was less than 65 p.p.m. with the exception of the Lyttle 1942 
sample where the result was 222 p.p.m. 

With the exception of alfalfa on the Goodwin soil, where potassium 
gave an average increase of 87%, there was little if any response to applied 
potash on this soil type. Clover on the Lyttle soil showed an average 
increase of 18%, but all other increases were less than 10% and a few 
slight decreases were recorded. All rapid tests gave low or very low 
readings, and tho^Samounts of exchangeable potassium were generally 
deficient. A more general response to potash fertilization might have 
been expected. 

Castor Fine Sandy Loam 

Soil samples were obtained from the \Vaddell and Quaile farms. As 
^ ith the previous soil types, the response (Table 7) of the cereals to nitrogen 
was quite marked, the increase being 57% and 95% for barley, 11% and 
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47% for oats. There was no response of the legumes to nitrogen, the 
results varying from + 4% to - 13%. The total soil nitrogen was 
0.20%-0.21% on the Waddell samples, 0.14%-0.18% on the Quaile 
samples. 

The response to phosphorus was extremely good with all crops on the 
Waddell sample, but particularly so with the oats (+ 154%) and the 
alfalfa (+ 239%). The response on the Quaile samples was much less 
marked, being less than 20 % except on the clover crop which showed a 
49% increase. Soil tests were L-VVL by Spurway’s method, L-H by 
Morgan’s, M-H by Thornton’s and M-VH by the Guelph procedure. 
The readily soluble F 2 O 5 was very high, 213-345 p.p.m. on the four samples. 
In general, crop responses showed best agreement with the results by the 
Morgan method. 

Potassium gave some increase on the legume crops, 33% and 42% on 
clover, 27% and 9% on alfalfa. There was no significant response to 
potash fertilizers on the cereal crops, results ranging from + 4 % to — 5 %. 
Soil tests indicated that there should have been a response to K fertilization, 
as all rapid tests were low to very low and exchangeable potassium indicated 
a definite deficiency (all results less than 0 . 010 %). 

Farmington Loam 

Samples were collected from the Featherstone and Fraser farms. 
While some response (Table 8 ) of cereals to nitrogen fertilization was 
shown, it was not as great as with most of the other types. Barley on the 
Featherstone soil gave an average increase of 65%, but in the other three 
cases, the average varied between 12 % and 19%. In all cases there was 
an average decrease of from 2 % to 17% in alfalfa yield due to applied 
nitrogen. The total nitrogen present in this soil type appeared to be 
satisfactory and varied from 0.20% to 0.34% in four samples. 

With the exception of the barley and clover grown on the Feathstone 
1941-42 sample, the response of all crops to phosphorus was very good, 
showing increases of 43% to 140% on the cereals, and 36% to 314% on 
the legumes. Tests were all low by Spurway’s method, L-MH by Morgan’s, 
M-H by Thornton’s, and H by the Guelph modification. The amounts of 
readily soluble P 2 O 6 appeared to be very satisfactory, 215 p.p.m. and 268 
p.p.m. on the 1941-42 samples, 156 p.p.m. and 140 p.p.m. on the 1942-43 
samples. The soil tests on the Featherstone and Fraser 1941-42 samples 
were almost identical but the Fraser soil gave a good respon.- * (+ 77% on 
barley, + 36% on clover) whereas the F'eatherstone soil showed practically 
none (— 7% on barley, + 10% on clover). 

Clover showed some response to potassium at)plications on both^ils 
(40% and 57%) but responses wi.'h other crops were small (— 2% to 
+ 15%). All soil tests, including the determinations of exchangeable K, 
were low and a good response might reasonably have been expected. 

Grenville Loam 

Samples were collected from the Dow farm in both years and from the 
D. M. Stewart farm in 1942. There was some response (Table 9) by 
cereals to nitrogen applications, the average increases ranging from 26% to 
41%, but again the legumes did not respond, there being an average 
decrease of 17% with alfalfa on the Stewart sample. The total amount of 
nitrogen in these samples was reasonably good, 0.25% to 0.29%. 
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Response to phosphorus was good with all crops on the Dow samples, 
and with alfalfa but not with oats on the Stewart sample. Morgan*s test 
on the three samples were LM, M and MH; the readily soluble P 2 O 6 
was in the same order, 77, 92 and 121 p.p.m., respectively; and the response 
to applied P was greatest where the test showed the lowest amount present, 
and least where the test showed the greatest amount. 

Clover on the Dow sample was the only crop to show any response to 
potassium and the average increase was only 23%. Tests showed this 
sample to be deficient in potassium. In both 1942-43 samples, the rapid 
tests gave low (in one case, medium) results but the amounts of exchange¬ 
able potassium (0.026% and 0.030%) were considered satisfactory. On 
neither of these samples was there response to added potassium. 

Osgoode Loam 

Samples were collected from the Brown and Nixon farms. The 
cereals responded to applications of nitrogen, the average increases varying 
from 19% to 58%. No definite response (Table 10) to nitrogen was 
observed in the case of the legumes. The 1942 Nixon sample had a very 
good supply of total nitrogen (0.45%) but the others had considerably less 
(0.15%~0.21%). 

Clover, oats and alfalfa on the Brown soil showed a good response 
(51% to 86%) to applied phosphorus, but in no other case did the average 
increase exceed 17%. By Ruhnke's extraction method, these samples 
seemed to be well supplied with readily soluble P2O5, the results varying 
from 322 p.p.m. to 511 p.p.m. P 2 O 6 . Spurw^ay’s method gave readings 
from L to M, and Morgan’s from M to H. The greatest response to 
applied P was obtained on the soil which gave a low reading by Spurway’s 
method. 

Alfalfa on the Brown samples gave an average increase of 65% when 
potassium was applied. In the other cases, no average increase was greater 
than 12%. Rapid soil tests registered VL or L (M by Spurway’s method 
on the Nixon 1942 sample) and determinations of the exchangeable 
potassium showed that the amounts present were very small (not over 
0.005% K 2 O). A more general response to potassium fertilization might 
have been expected. 

Carp Clay Loam 

Samples were taken from the Ellis & Shaw farm in both years, and 
from the Hudson farm in 1942. Cereals showed a fairly good response 
(Table 11) to nitrogen, the averages ranging from 32% to 63%. The 
response of the legumes to nitrogen varied from — 6% to + 12%. The 
total amount of nitrogen in the soil samples was reasonably good, from 
0.26% to 0.45%. 

The legumes the Ellis & Shaw samples showed good response to 
phosphorus, particularly alfalfa (+ 90%), but cereals gave no response 
(— 1% to + 3%). On the Hudson sample, oats gave an increase of 51%, 
when phosphorus was applied and alfalfa an increase of 168%. Spurway’s 
test was VVL on the Hudson sample and L on the other two. Morgan's 
test was LM on the Hudson sample, MH on the others. Thus the response 
to added P was more or less iji agreement with these tests. On the other 
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hand, the amount of readily soluble phosphorus as measured by the Runke 
method was quite high (240 p.p.m.—286 p.p.m. P 2 O 6 ). 

There was no response to potassium on any sample with any crop. 
Rapid soil tests gave low readings (medium by Spurway’s method on one 
Ellis & Shaw sample) and the exchangeable potash was low (0.009%) on 
the Hudson sample and not any too high on the Ellis and Shaw samples. 
Some response to added potash might has’^e been expected but none was 
obtained. 

North Gower Clay 

Soil samples were taken from the Kenny and Argue farms. The 
response (Table 12) of the cereals to nitrogen was again very good, from 
+ 32% to + 50%, but again there was no response with the legumes 
(*~ 6% to + 8%). The total nitrogen content of the Kenny soil is fairly 
good (0.21%-0.24%) and that of the Argue soil is still better (0.30%- 
0.32%). 

A good response to phosphorus was obtained in all cases except with 
oats on the Kennv sample where the average was only + 4%. The out¬ 
standing increase was 168% with alfalfa on the Argue soil. The Spurway 
method gave readings of L-YVL, the Morgan method all M, the Thornton 
gave M-H and the Guelph modification H-VH. The readily 'soluble 
P 2 O 5 was very high, 245-409 p.p.m. Results by the Spurway method are 
the only ones that would indicate such a marked response to applied 
phosphorus. 

No response to potassium can be claimed for this soil type. All 
averages were between the limits of — 4% and + 10%. All rapid soil 
tests registered low (except for one medium, on the Argue 1942-43 sample 
by the Spurway method) and the exchangeable potassium was also some¬ 
what on the low side. A response to potassium was to be expected but 
was not obtained. 

Rideau Clay 

Soil samples were collected from the Rowe and Kennedy farms. The 
response (Table 13) of cereals to applications of nitrogen held true with 
this soil type also, the averages varying from + 19% to +64%. The 
legumes reacted to nitrogenous fertilization in a manner similar to that on 
the other soil types. The average increase with clover on the Rowe soil 
was 18%, but in the other three cases, decreases of from 3% to 16% were 
registered. Total soil nitrogen was 0.20% and 0.23% on the Rowe 
samples, and 0.33% and 0.34% on the Kennedy samples. 

The response of cereals to phosphorus was + 15% or less in three 
cases, but was + 31% with barle>' on the Kennedy soil. The response of 
legumes was good (over + 30%) in three cases but only + 9% with clover 
on the Kennedy soil. Rapid soil tests by the Spurw.iy method were VVL 
(1942-43 samples only), L-MH by the Morgan method, H by the Thornton 
method and VH by the Guelph modification. The Ruhnke method showed 
abundant amounts (323-388 p.p.m.) of readily soluble P 2 O 5 . Results by 
the Morgan method showed the best agreement with crop response, parti¬ 
cularly in the case of the legumes. 

With potassium, all crops showed a negative response (0 to — 18%) 
except clover on the Rowe soil which gave an average increase of 14%. 
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The Spurway test showed M-MH amounts present; the Morgan test 
indicated low K in the 1941-42 samples but very high amounts the next 
year; the Thornton test showed low amounts of potassium in the 1941-42 
samples. Exchangeable potash was high in all cases. Except for the 
Morgan test the first year, the results showed satisfactory amounts of 
potassium present so that no response was to be expected. 

DISCUSSION 

In a broad survey of the foregoing results, probably the most out¬ 
standing fact is the difference shown by the cereals and the legumes in 
their response to the fertilizer nutrients. This is well shown by taking the 
average percentage increases in yield of cereals and in yield of legumes for 
each fertilizer element on each soil type and arranging them as in Table 14. 
The response of cereals to nitrogen has been general on all soil types studied, 
varying from an average increase of 28% on the Farmington loam to one 
of 198% on the Uplands sand. On the other hand, the lack of response of 
legumes to nitrogen has also been general. The greatest increase was only 
12 % on Rubicon sand, no other increase was above 4%, and a decrease 
was shown on the majority of the soil types, particularly on Kars gravelly 
loam (— 17%) and on Uplands sand (— 28%). 

The response to applied phosphorus was quite good for both cereals 
and legumes. On only two soil types (Kars gravelly loam and Rubicon 
sand) was the increase on both crops less than 10%. In all other cases, 
an increase of more than 15% was obtained, the greatest being 63% with 
the cereals and 118% with the legumes on the Farmington loam. In 
general, the legumes showed a greater response to applied phosphorus than 
did the cereals. 

The cereals showed little if any response to the application of potassium. 
An average increase of 19% was obtained on Rubicon sand but, except for 
Uplands sand (+ 9%) the averages on all other soils varied from + 5% 
to — 5%. The response of the legumes to potassium was noticeably 
better. On four types (Grenville loam. North Gower clay. Carp clay loam 
and Rideau clay), the average response was only 10% or less; on all others 
it was more than 20%. On the Rubicon sand, where the response of the 
cereals to potassium was greatest (19%), the response of the legumes to 
potassium was also greatest (78%). 

In some cases, the results in Table 14 indicate quite clearly the treat¬ 
ments most required by a particular soil type. For example, on the 
Rubicon sand, the response to nitrogen and potassium was quite good, 
but practically no response was obtained when phosphorus was used. 
The Rideau clay gave no increased growth of crops due to potassium, but 
some with phosphorus on both kinds of crops, and with nitrogen on the 
cereals. Crops grown on the Farmington loam showed the greatest increase 
from phosphorus; l^jjjjmes on this type gave the second greatest increase 
from potassium; cereals, on the other hand, gave the least response to 
nitrogen on this soil type. 

Although no rapid soil test for nitrogen was made in this study, it is 
perhaps of some interest to observe the relationship between total soil 
nitrogen and the response obtained when nitrogen was applied to the soil. 
In two cases, the average percentage increase due to N was over 100%, 
and here the total soil nitrogen was not greater than 0.10%. The next 
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three soils, listed in decreasing order of their average response, had nitrogen 
contents varying from 0.15% to 0.18%. In the remaining soils, the 
amount of nitrogen present ranged between 0.25% and 0.36%; on these, 
the cereals gave the lowest, though still considerable, increases (28% to 
45%). 

Rapid soil tests for phosphorus were made by four methods (Spurway, 
Morgan, Thornton and Guelph) in one year and by two of these (Spurway 
and Morgan) in the second year. The individual results, together with 
the response of the crops of applications of P, are given in Table 15. One 
point that seems to be of importance is the tendency of these tests to give 
readings within certain ranges regardless of the soil type being tested, 
although the actual yields, as shown in Table 2, indicate a marked difference 
in fertility levels. Out of 35 individual samples examined by Spurway’s 
method, 32 gave readings of L, VL or VVL. The other 3, on samples of 
Osgoode loam, were recorded as medium. There were no high readings. 
Forty-one samples were tested according to Morgan’s method and, of 
these, 31 were recorded as M or MH. There were only two high readings. 
By Thornton’s method, 16 out of 19 were M or H, 2 were VH and 1 L. 
When using the Guelph modification, 16 out of 19 were either H or VH, 
the other 3 being M and none was L. Thus tliere appeared to be a tendency 
for readings to be low by the Spurway method, medium to high by the 
Morgan and Thornton methods, and high to very high by the Guelph 
modification of the Thornton method. No particular correlation could be 
seen between the results by the rapid tests and the response to fertilizer 
treatments as measured by the greenhouse yields. 

Rapid soil tests for potassium were made by three methods (Spurway, 
Morgan and Thornton) in the first year and by two of these (Spurway and 
Morgan) in the second year. The individual results, together with the 
response of the crops to applications of K, are given in Table 16. The 
tendency of all the methods is to give low readings. Out of 41 tests by the 
Spurway method, 34 were L or VL, with 5 reading M and 2 MH. By the 
Morgan method, 25 readings out of 29 were L or VL, with 2 giving M and 
2 VH, while all 29 readings by the Thornton method were L or VL. By 
the Spurway method, 4 of the M and both MH readings were obtained on 
soils where no crop response to added potassium was obtained. To this 
extent, the rapid tests correlated with response to potash fertilization. 
The 2 VH readings by the Morgan method were on samples of Rideau clay 
which gave no response when potassium was added, but the other 2 Rideau 
clay samples gave low readings by this method. On this soil type, the 
response did not always correlate with the test. 

SUMMARY CONCLUSIONS 

Rapid soil tests for phosphorus and potassium have been made on 
41 soil samples representing 11 of the main soil types of Carleton county. 
The methods used were those of Spurway, Morgan and d'hornton, together 
with the Guelph modification of Thornton’s procedure. The results of the 
tests were compared with the response obtained to fertilization by measur¬ 
ing the yields of crops (both cereals and legumes) grown in the greenhouse. 

The different kinds of crops responded differently to the fertilizers 
used. In general, the cereals responded to nitrogen fertilization but the 
legumes did not; in one or two cases, a considerable decrease in the growth 
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of the legumes resulted from applying nitrogen to the soil. Both kinds of 
crops responded to phosphatic fertilization on all but the two soil types, 
with the legumes showing a greater response than the cereals. When 
potassium was applied to the soil, the cereals, except in one case, showed 
no response but, in 7 of the soils, a considerable increase in the yield of the 
legumes resulted. 

Each of the rapid soil tests had a general tendency to give readings 
within a certain range regardless of the soil type. The Spurway method 
tended to give low readings for phosphorus; the Morgan and Thornton 
methods gave a very large proportion of medium to high readings; most of 
the readings by the Guelph modification were high or very high. When 
tests were made for potassium, readings by all three methods tended to 
be low. 

The correlation between soil tests and crop yields was rather dis¬ 
appointing. Some of the difficulties in the way of interpretation have just 
been pointed out, i.e., the different response of cereals and legumes to the 
fertilizer elements applied, and the tendency for the methods to give values 
within certain ranges regardless of soil type. The application of rapid 
tests in the past has proved most useful when dealing with a single crop 
grown on closely related soil types and where a background of information 
regarding fertilizer response was available. This may continue to be the 
case for some considerable time. Any attempt to apply these methods on 
a variety of soil types, used for the growth of different crops, will be limited 
by the difficulties encountered in this investigation and perhaps by other 
difficulties as well. Their more general application will necessitate a 
rather careful calibration for each crop and for each soil type. 

Table 1.—Areas of eleven soil groups of Carleton County 


Soil types 

Area 

Per cent of total 

Farmington loams, sandy loams, etc. 
North Gower clay loam 

(acres) 

136,320 

22.4 

76,160 

12.5 

Rideau clays 

50,880 

8.4 

Grenville loams 

43,520 

7.3 

Rubicon sand 

35,200 

5.8 

Carp clay loam 

22,720 

3.8 

Kars gravelly loam 

22,200 

3.7 

Osgoode loam 

21,440 

3.5 

Castor fine sandy loam 

15,360 

2.5 

Uplands sand 

Manotick sandy loam 

13,120 

2.2 

9,280 

1.5 


446,200 

73.6 


Table 2.—Average yields* on various soil types 


Soil types 

Barley 

grain 

Clover 
dry yield 

Oats 

grain 

Alfalfa 
dry yield 

Uplands sand 

1.25 

5.42 

5.21 

8.41 

Rubicon sand 

4.90 

8.71 

6.89 

2.88 

Kars gravelly loam 

2.81 

9.62 

5.88 

15.08 

Manotick sandy loam 

5.50 

8.74 

7.36 

8.78 

Castor fine sandy loam 

4,35 

8.02 

8.37 

8.58. 

Farmington loam 

5.95 

9.70 

6.87 

5.57 

Grenville loam 

7.98 

6.95 

9.26 

11.48 

Osgoode loam 

8.46 

13.23 

12.08 

11.30 

Carp clay loam 

8.02 

12.61 

8.97 

9.95 

North Gower clay 

7.60 

13.10 

11.21 

10.88 

Rideau clay 

12.33 

15.66 

11.30 

18.54 


* Grams per pot. 








Table 3.—Crop response in greenhouse and results of soil tests—Uplands sand 
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Table 4.—Crop response in greenhouse and results of soil tests—Rubicon sand 
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purway Gu » Guelph VH « very high L « low 

lorgan Ru = Ruhnke H =* high VL *» very low 

‘homton % Ex = % Exchangeable M «» medium 




Crop Redmond Bros. McMenomy (1941-42), Lecuyer (1942-43) 
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spurway Ou = Guelph VII = very liigh L = low 

Morgan Ru = Ruhnkc II = high VL « very low 

Thornton % Ex *= % Exchangeable M *= medium 







Crop Lytde McClure (1941-42) and Goodwin (1942-43) 


244 


[Vol. 25 



Spurway Gu *» Guelph VH very high L « low 

Morgan Ru ** Ruhnkc H — high VL «» very low 

Thornton % % Exchangeable M « medium 

















Table 7.—Crop response in greenhouse and results of soil tests—Castor fine sandy loam 
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Spurway Gu = Guelph VH =» very high L *= low 

Morgan Ru ■» Ruhnke H — high VL » very low 

Thornton % Ex • % Exchangeable M >■ medium 



Table 8.—Crop response in greenhouse and results of soil tests—Farmington loam 
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Table 9.—Crop response in greenhouse and results of soil tests—Grenville 
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Table 10.—Crop response in greenhouse and results of soil tests—Osgoode loam 
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f mrway Gu = Guelph VH = very high L » low 

organ Ru » Ruhnke H *= high VL *» ven 

'homton % Ex = % Exchangeable M = medium 



Table 11.—Crop response in greenhouse and results of soil tests—Carp clay loam 
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Spurway Gu => Guelph VII - very high L low 

M^organ Ru « Ruhnke H =» high VL = very low 

Thornton % Ex = % Exchangeable M - medium 






Table 12.—Crop response in greenhouse and results of soil tests—North Gower clay 
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Table 13. —Crop response in greenhouse and results of soil tests—Rideau clay 
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Spurway G.i Ciuflph VH = very high L -» low 

Morgan Ku ■= Kuhnke H *= high VL ■= very low 

Thornton % Ex = % Exchangeable M — medium 
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Table 14. —Average percentage increase of cereals and legumes due 
TO application of N, P and K 


Nitrogen 

Phosphonis 

Potassium 

Cereals I 

1 Legumes 

Cereals 

Legumes 

Cereals | 

1 Legumes 

Uplands 

198 

Rubicon 

12 

Farmington 

63 

Farmington 

118 

Rubicon 

19 

Rubicon 

78 

Kars 

129 

Carp 

4 

Castor 

62 

Carp 

96 

Uplands 

9 

Farmington 

30 

Manotick 

55 

Manotick 

4 

Grenville 

42 

Castor 

91 

Farmington 

5 

Castor 

28 

Castor 

53 

Osgoode 

2 

Osgoode 

26 

North Gower 

77 

Grenville 

4 

Manotick 

26 

Rubicon 

48 

North Gower 

-1 

North Gower 24 

Grenville 

57 

Manotick 

1 

Kars 

25 

Carp 

45 

Grenville 

-2 

Manotick 

20 

Manotick 

45 

Castor 

0 

Osgoode 

25 

Rideau 

45 

Castor 


Carp 

18 

Osgoode 

42 

Kars 

-1 

Uplands 

24 

North Gower 43 

Rideau 

-4 

Uplands 

17 

Rideau 

30 

North Gower 

-1 

Grenville 

10 

Osgoode 

38 

Farmington 

-8 

Rideau 

16 

Uplands 


Carp 

-2 

North Gower 

7 

Grenville 

32 

Kars 

-17 

Kars 

6 

Kars 

9 

Osgoode 

-4 

Carp 

4 

Farmington 

28 

Uplands 

-28 

Rubicon 

5 

Rubicon 

8 

Rideau 

-5 

Rideau 

-2 


Table 15. —Individual results of rapid soil tests for phosphorus and 

RESPONSE to PHOSPHATIC FERTILIZERS 


Soil types 

Average response 

Spurw'ay 

Morgan 

Thornton 

Guelph 

Cereals 

Legumes 


% 

% 







Farmington 

63 1 

118 

L L L L 

MH 

MH L L 

H 

M 

H H 

Castor 

62 1 

91 

L L WL L 

MH 

H L MH 

M 

H 

M VH 

Grenville 


57 

L L 

M 

LM MH 

H 


H 

Osgoode 

26 

42 • 

M M L M 

H 

MH M M 

M 

M 

H H 

North Gower 

24 

77 

L WL L 

M 

M M M 

M 

H 

H VH 

Manotick 

20 

45 

L L 

M 

M M L 

M- 

M- 

M M 

Carp 

18 

96 

L L WL 

MH 

MH LM 

H 


VH 

Uplands 

17 

19 

L WL VL 

MH 

L M 

VH 


H 

Rideau 

16 

30 

WL WL 

MH 

MH L M 

H 

H 

VH VH 

Kars 

6 

9 

L L L L 

MH 

M M MH 

VH 

H 

H H 

Rubicon 

5 

8 

L L VL L 

MH 

MH M M 

M 

L 

H H 


Table 16. —Individual results of rapid soil tests for postassium and 
response to potash fertilizer 


Soil type 

Average response 

Spurway ■ 

t 

Morgan 

Thornton 

Cereals 

Legumes 


% ’ 

% 









Rubicon 

» 19 

78 

L 

L 

VL 

L 

VL 

VL M VL 

VL 

VL 

Uplands ^ 

Kk 9 

24 

L 


L 

L 

VL 

VI. VL 

VL 


Farmington 

5 

30 

L 

L 

L 

L 


VL VL 

VL 

VL 

Grenville 

4 

10 1 

L 


L 

L 


L M 

VL 


Manotick 

1 

26 

L 

L 

L 

L 


L VL 

VL 

VL 

Castor 

0 

28 

L 

L 

L 

L 


VL VL 

L- 

VL 

Kars 


25 

L 

L 

L 

L 

WL 

VL VL L 

VL 

L 

North Gower 

~l 

7 

L 

L 

M 

L 


L L 

VL 

VL 

Carp 

~2 

4 

L 


M 

L 


L VL 

L 


Osgoode 

~4 

25 

L 

L 

L 

M 


VL L 

VL 

L 

Rideau 

~5 

— 2 

M 

M 

MH 

MH 

L L 

MH MH 

L 

L 













A DECIMAL SYSTEM FOR THE CLASSIFICATION AND 
MAPPING OF ONTARIO SOILS' 

G. A. Hills* 

The most satisfactory system of soil classification is one in which 
provision is made for the many properties which characterize the soil 
profile^. In view of the large number of properties possessed by each soil 
body, and the way in which these vary from one soil to another, it would 
seem that such a classification would be practically impossible. However, 
it has been found that most properties can be arbitrarily placed in one of a 
few groups, each group reflecting some soil-forming factor or factors. 
Since most of the separations in the field must be based on physical proper¬ 
ties, largely those which can be detected by the eye, the basis of field 
classification is largely outlined in terms of such properties. Associated 
with these are many other properties which can be determined only in the 
laboratory by chemical, physical and biological analyses. It cannot be too 
strongly .emphasized that such groupings cannot be made on other than a 
philosophical basis. For example, in no other way is it possible to separate 
all the features of a soil profile which reflect the influence of geologic material 
from those features which indicate the effect of climate, vegetation and 
ground water. 

In order to classify soils and map their distribution, there are required 
two schemes of classification, namely, the taxonomic and the chorologic. 
Taxonomic soil classification is concerned with breaking the soil into units 
which will fit into a logical scientific scheme. Such a scheme does not, by 
itself, serve for mapping purposes because soils are not distributed according 
to any taxonomic sequence. When a taxonomic scheme has been established 
on a theoretical but logical basis, certain ‘Type” units can then be chosen 
as measuring sticks. The chorologic or mapping system is one of con¬ 
venience for recording the distribution pattern of taxonomic units through 
the use of the “type” profiles. 

THE DECIMAL SYMBOL FOR TAXONOMIC UNITS* 

In order to provide as simple a scheme as possible for the orderly 
examination of soil profiles, the soil characteristics have been separated 
arbitrarily into four groups. The variations within each group are indicated 
by a symbol, either a figure or a letter. The symbols of the four groups 
together form a decimal symbol, each group occupying a definite position 
as indicated in Table 1. 

I Presented before a meeting of the Soils Giv. a of tlie Canadian Society of Technical Agriculturists. 
Toronto, Ontario, June 27-29, 1944. 

• Formerly Dominion Soil Surveyor in Ontario, now with the Provincial Department of Lands and Forests, 

Toronto, Ont. , , , , 

* The soil profile consists of a series of horizontal layers or horizons formed near the surface of the eartii 
through the action of climate and living organisms upon the geological parent material. The individuality 
of soils can be noted by examining differences which occur along a vertical line drawn from points on the €|^h;t 
surface toward its interior. A classification, based on soil profile, has been considered a genetic system since it 
shows differences and similarities of features which reflect the factors of soil formation. It must be remembered, 
however, that it is the characteristics of the profile, and not the factors of soil formation, which are classified. 
For the purpose of this paper, it was felt that an extensive bibliography was unnecessary. To those unfamiliar 
with this concept of soils. Dr. Kellogg’s book. The Soils that Support Us, will prove most useful. 

« Other decimal schemes of soil classification in use in America.have been lound uset ul in giving direction to, 
or In making comparisons with, the one outlined in this paper (1, 2, 9). 
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Table 1.—Key to digits in the decimal symbol 


0 0 


Thousands Digit 

Characteristics reflecting the regional climate and associated 
vegetation---- 

Hundreds Digit 

Characteristics reflecting the "fabric” of the geological parent 
material.--- 

Tens Digit 

Characteristics reflecting the petrographic nature of the 
geological parent material... 


0 

I 

I 

I 

I 

I 

I 

I 

I 

I 


I 

I 

I 

I 


0 


Units Digit 


Characteristics reflecting the local environment factors, other 
than geological material_ 


Each group of characteristics is subdivided on an arbitrary basis into 
major divisions. In order that these subdivisions be represented by 
numerals in the symbol, it is convenient to have not more th^n ten. Where 
it is necessary to have more, letters and other devices may be used. Since 
any subdivision of one group may combine with any one of the subdivisions 
of the other groups, a large numl^r of combinations is theoretically possible. 
This number is further increased when combinations of types or transitions 
are recognized. Fortunately, however, only a few of the many possible 
combinations occur over a significant area in any one region. 

The arrangement of the groups within the compound symbol is one of 
convenience for field classification. If the regional soil types (indicated 
by the thousands digit) have not been established previously, the soil 
surveyor decides these tentatively upon a precursory examination of the 
soil profiles on the well-drained locations, aided by a knowledge of the 
natural vegetation. As will be shown later, the final decision regarding 
soil regions can be made only after the local variations have been studied 
in detail®. Frequently all the soils within a mapping area belong to the 
same regional type ^ that this digit may be conveniently omitted on the 
map. An experienced surveyor will gain much information concerning 
the geological structure or fabric of the parent materials (hiindreds column) 
by noting the topographical form of the landscape. For instance, he knows 
that the materials dominant in the ridges and basins of a terminal moraine 
are coarse, opei^and stony, while those of a former lake-bed are more 
compact and ^nefree. Information verifying these observations is 
obtained by examining the soil profiles in road-cuts and pits. Inspection 
of the rock fragments occurring in these profiles also aids hiih in determining 
the petrographical type of the parent material (the tens column). He next 
examines the range of local profile variations on each type of parent material 
which he records in the units columfn. These local variations must be 

* Became a knowledge of local variation! is basic to the discuwton of regional types, these are diKussed in 
this order and not as they occur in the mapping symbol. < 
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properly correlated with all other variations within the same climatic 
region and the relationship established between them and local variations 
in adjoining regions. 

THE STRUCTURAL TYPE OR FABRIC OF THE GEOLOGICAL 
PARENT MATERIALS* 

The figures in the hundreds column of the decimal symbol indicate 
those features of the soil profile which reflect the structural type or fabric 
of the parent geologic material. They apply not only to the slightly 
weathered or unweathered materials immediately underlying the solum 
but also, as far as can be ascertained, to the original parent materials from 
which the solum has weathered, and as the Jatter may differ from the under¬ 
lying, slightly weathered material, these are often difficult to determine. 
However, efforts are made to do this as fully as possible. The structural 
type or fabric refers to the nature of the physical elements of the soil 
skeleton and the proportion and arrangement of their individual particles 
within the geologic matrix. This includes the texture of the materials 
composing the fine skeleton, the type of sorting, compaction of materials, 
etc., all of which reflect tfie mode of deposition. 

Table 2 outlines the main divisions. 


Table 2.—Key to the geologic fabric (structure) of parent soil 


0. Thin drift. 

1. Coarse-textured open till. 

2. Loamy till. 

3. Heavy till. 

4. Roughly stratified gravelly drift. 

5. Uniformly stratified gravelly drift. 

6. Heavy deep-water deposits. 

7. Loamy deep-water deposits. 

8. Roughly stratified sandy drift. 

9. Uniformly stratified sandy drift, 
a. Alluvial drift. 

l . Loess deposits. 

m. Muck deposits. 
p. Peat deposits, 
r. Residual drift. 

etc. 


Thin Drift (0 in the hundreds column) 

This is the type found on deposits of varying texture which form but 
a shallow covering over bedrock. In a few instances they have weathered 
directly from the underlying bedrock (residual), but generally they have 
been deposited by ice, wind, or water. They are frequently stony regard¬ 
less of the mode of deposition. 

Coarse-Textured Till (1 in the hundreds column) 

These are unassorted stony materials. The finer materials are usually 
a sandy loam in texture but loams are included where these are found in an 
open stony soil. This type is commonly associated with terminal and 
recessional moraines. 


* For unfamiliar geological terms the reader is referred to texts on surface geology (7). 
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Loamy Till (2 in the hundreds column) 

These are unassorted stony malerials which are less open than the 
preceding type. Included in this type are light loams and sandy loams in 
which the stones are comparatively few and small in size. This also includes 
stonier soils in which the coarseness of the stony structure is modified by 
the compactness and heaviness of the materials between the stones. This 
type is commonly associated with ground moraines, frequently drumlinoid 
in nature. Some water-laid recessional moraines are also characterized 
by this type of material. 

Heavy Till (3 in the hundreds column) 

These are heavy soils in which fine grit and larger stones have but 
little effect on the porosity of the soil. The textural classes include clays, 
silty clays, and clay loams. In most cases they show little structure 
(unassorted), but there are occasional laminations due to ice pressure. 
This type of material is common in water-laid recessional moraines and in 
ground moraines. Much of the heavy till has originated from lake-laid 
deposits eroded by a readvance of the ice. 

Roughly Stratified Gravelly Drift (4 in the hundreds column) 

These are roughly-sorted gravels and coarse sands. The gravels are 
poorly rounded and, on the whole, are much more stony than in the deltaic 
deposits described below. Ice-rafted stones are common. These materials 
are common in eskers, kames, kame moraines, and in some beach formations. 
There are eroded and slumped edges of gravel terraces and deltas included 
in these types. 

Uniformly Stratified Gravelly Drift (5 in the hundreds column) 

These are uniformly sorted gravels commonly associated wuth deltas 
and terraces, which are generally uniformly bedded. The gravels are 
usually well-rounded and angular stones are uncommon. Heavy materials, 
if present, are in strata rather than comprising part of an unassorted 
matrix as in glacio-fluvial gravels described in No. 4. 

Heavy Deep-water Deposits (6 in the hundreds column) 

These are uniformly sorted and laminated clays, silty clays, and clay 
loams, associated with glacial lakes, marine seas and bays. Many of the 
glacial lake deposits show evidence of varving^. Marine deposits and very 
heavy lake-laid clays appear massive wherever the layering is difficult to 
detect because of uniform texture and colour. 

Loamy Deep-water Deposits (7 in the hundreds column) 

These are uniformly sorted and laminated loams, silt loams and fine 
sandy loams associated with glacial lakes and marine seas and bays. 
Layering and varving are common but there are also many deposits which 
can be identified as lacustrine only because of their stone-free nature. 

7 A **varve" it th« annual deposition in a glacial lake coniitting of two clayey layers, one of which having a 
higher content of tilt or fine sand. 
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Roughly Stratified Sandy Drift (8 in the hundreds column) 

These are roughly-sorted sands, loamy sands and sandy loams com¬ 
monly associated with esker, kames, interlobate moraines and dunes. 
Where necessary, this group may be subdivided on the basis of wind and 
water deposition. 

Alluvial Drift {a in the hundreds column) 

These are materials of variable texture, often with marked changes 
within short vertical and horizontal distances. They are frequently 
laminated with a fairly high percentage of organic matter between the layers. 
Contortions of the laminations occasionally occur. This type of material 
is commonly associated with recent stream deposits. 

Muck Deposits (yn in the hundreds column) 

These are accumulations of organic remains (plants and animals) 
which have been decomposed to the extent that their original form is not 
recognizable. They have also beep mineralized to a large extent either by 
the infiltration of sand, silt or clay, or by the release of minerals contained 
in the organic matter previous to its decomposition. 

Peat Deposits (p in the hundreds column) 

These are accumulations of organic remains (plants and animals) 
which have not been decomposed to the extent that their original form 
cannot be recognized. 

PETROGRAPHIC TYPES OF GEOLOGIC MATERIALS 

The figures in the tens column of the decimal symbol indicate the types 
of geologic materials according to the chemical composition of the rocks 
from which they are derived. While in some materials, other groups of 
elements are also important in soil development, the ten major divisions 
have been made on the proportionate content of silica, carbonate and clayey 
material. To these groups the terms siliceous, calcareous and argillaceous 
have been given in much the same sense as applied by Merrill (6) to strati¬ 
fied rocks, but have been extended to include similar materials occurring 
in any proportion in unconsolidated drift. 

A. Cdlcareous Materials 

Calcareous materials are characterized, in the main, by the content 
of calcium and magnesium carbonate. Rocks with a high percentage of 
carbonate are the limestones, dolomites and marbles. Many of the eruptive 
rocks such as diabase, and basalt, etc., yield small percentages of basic 
material upon weathering. The function of limy materials in soil develop¬ 
ment through the precipitation of coilloidal sols has been w’idely discuss^ 

(4). 

B. Siliceous Materials 

These are silica-bearing materials w'hich do not readily produce colloidal 
material upon weathering. The silicate-bearing rocks such as shale and 
slate are therefore placed in a separate group. Rocks rich in siliceous 
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materials are gneiss, granite, sandstones, etc. These materials take little 
active part in soil development under Ontario conditions as they neither 
readily produce colloids nor perform any function in their translocation and 
precipitation. They function passively in permitting freedom of movement 
within the weathered profile. 

C. Argillaceous Materials 

Included in this group are those materials which readily yield colloids 
under the weathering conditions prevailing in Ontario. They are mainly 
derived from shales and slates. These materials furnish the chief elements 
functioning in all soil forming processes. 

As most of the geologic materials upon which the Ontario Soils are 
lormed, are transported rather than residual, the parent soil materials are 
commonly of mixed origin. It has, therefore, been necessary to establish, 
arbitrarily, ten subdivisions which contain increasingly proportionate 
amounts of each of the three types of materials. The arrangement of these 
‘‘focal points** of petrographical composition is diagrammatically indicated 
by the isosceles triangle method used in mechanical analysis of soils (See 
Figure 1 and Table 4). No quantitative determinations have been devised 
to determine the position of materials within the graph. Its use is confined, 
at present, to indicate trends observed by field inspection. 


0% SILICEOUS 



Figure 1. Diagram Showing Petrographical Type of Parent Material. 

MAJOR PROFILE GLASSES 

The units cufcmn of the decimal symbol is used to indicate local varia¬ 
tions in soil profile, that is, those occurring within a climatic soil region. 
While such variations reflect all of the local environmental or soil-forming 
factors, major profile classes may be established which are based, in a large 
part, on characteristics which reflect the local climate and associated vege¬ 
tation as conditioned by geologic materials and soil water. . Within each 
major profile class there will be minor variations in the profile due to dif¬ 
ferences in the parent geologic materials, for which provision has been 
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made in the two preceding sections. The major profile classes are based on 
differences in the number, kind, and depth of the soil horizons within the 
profile. These horizons may differ in many ways, e.g., in structure, texture, 
colour, organic matter content, reaction, etc., such differences indicating 
not only kind, but also degree of development. A logical arrangement 
would appear to be a scale based on the degree to which soil development 
is controlled by local climate particularly soil moisture. 

Within each climatic soil region there is a range of profile development 
with differences depending upon the degree to which climatic factors have 
been assisted or retarded by other soil forming factors. The maximum 
balanced development of an A-B profile is produced by that combination 
of soil-forming factors which permit the rainfall and temperature to exert 
their greatest combined influence. Under these conditions in Ontario, 
the development of the zone of eluviation® (A horizons) and the zone of 
illuviation® (B horizons) will be relatively proportionate or normal. Where 
the coincidence of soil forming factors permit the dominance of either 
temperature or moisture, a weak or disproportionate development takes 
place. 

For convenience in classification, the generalized soil profiles common 
to a climatic soil region are diagrammatically arranged on a scale according 
to the type of development (see Figure 2). The juxtaposition is deter¬ 
mined by the degree to which the moisture factor has been conditioned 


LOCAL CLIMATE 
PROFILE INDICES 


PSEUDO ARID NORMAL 



PSEUDO MARITIME 


5 6 7 1 8 9 I 


PRORLE DEVELOPMENT 


WEAK AND 
UNBALANCED 


STRONG AND WEAK AND 

BALANCED UNBALANCED 


Figure 2. Majoi Profile Clast>es in Rotation to Climate. 

by other soil forming processes. At the extreme left are the soils developed 
under a coincidence of soil forming factors in which the influence of soil 
moisture is at a minimum. This results in what Penck called a ‘‘pseudo- 
arid local climate”. Ellis has termed this the “oromorpl ic site”(3). At 
the right are representatives of soils formed under the maximum influence 
of soil moisture within the region. Here exists what might be termed a 
pseudo-maritime climate, the h>dromorphic condition as described by 
Ellis (v3). The entire range has I ^en divided into ten on an arbitrary and 
absolute basis and the divisions are indicated by indices 0-9. 

The normal expression of both temperature and moisture for the region 
occurs at index 2, a condition defined by Ellis as “phytomorphic” (3). At 
this point the profile development is strong and balanced. Proceeding in 
either direction, the profiles become increasingly abnormal, either in point 
of weakness or unbalance. At the left (Index 0) there is little, if any, soil 
development and practically no soil moisture with the result that the 

■ Eluvlation refers to the “outgoing” of iron, aluminum, etc. from the upper or A horisons. 

• Illuviation refers to the incoming of iron, aluminum, etc. to the lower horizons (largely the B). 
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'*soil** is little more than slightly weathered geologic materials and is there¬ 
fore lithologic in nature. On the right (Index 9) the water factor becomes 
dominant to such an extent that the soils are practically hydrologic. 

Classes Showing Lesser Influence of Soil Moisture 

Soil profiles with indices occurring to the left of No. 2 in the profile 
scale reflect an increasingly lesser influence of soil moisture. Coincident 
with this is a greater variation in soil temperature. It is difficult to single 
out any one factor responsible for an abnormal profile development through 
a reduction in the effectiveness of rainfall. However, certain features may 
be mentioned which play an important part. 

Steepness of Slope 

This may cause a weak and/or truncated^® profile in three ways. 

(a) By merely reducing the amount of water percolating through the 
soil as a result of run-off and of greater evaporation due to exposure to wind. 
This results in a weak, but not necessarily an unbalanced, soil profile. 

(b) By gradual removal, through normal erosion, of the leached 
materials while those in the leachate are permitted to accumulate in the 
B horizon. The results is a profile with all horizons present, but with the 
A more greatly reduced than the B. 

(c) Hy the rapid removal through accelerated erosion of the upper 
portion of a profile already developed. Any or all the soil horizons may be 
affected. 

Nature of Geologic Material ^ 

(a) Coarse open siliceous materials. These reduce the effectiveness 
of rainfall on account of the more variable soil temperature, more rapid 
percolation and scantier vegetation. These conditions result in a deep 
leached horizon, a B horizon either very thin or absent, and frequently 
a wide Bs horizon. 

(b) Materials with high carbonate content. These result in the forma¬ 
tion of thin profiles. All the horizons are generally present though they 
are frequently very thin. In extreme cases, the only horizon which can 
be easily discerned is the surface, high in organic matter. Such soils are 
more droughty than the normal soils. (Profile Scales do not show this 
type of development.) 

(c) Shallow materials over bedrock. Evaporation losses are high 
from shallow soil materials on account of low moisture holding capacity. 
The depth of soil profile may also be limited by the depth of unconsolidated 
material over the bedrock. The profile may be weak with all horizons 
present, or in s^e cases merely consist of a surface organic layer overlying 
a partially weafWered parent material. 

Time 

On well-drained materials which have been exposed comparatively 
recently by erosion or deposition the profile may be abnormal (absent in 
extreme cases) due to the relatively short period of weathering. 

A weak profile ie one in which all the horizont are developed to a small degree. A truncated profile is 
one In which the lower horizons exhibit a much stronger development than the upper, which may be entii^y 
lacking. 
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Classes Showing Greater Influence of Soil Moisture 

Soil profiles with indices occurring to the right of No. 2jn the profile 
scale reflect an increasingly greater influence of soil moisture. This increase 
in the influence of moisture is reflected in a number of ways. The layer of 
organic accumulation increases in depth and decreases in stage of decom¬ 
position. The eluviated horizon due to acid leaching becomes shallower 
and changes to a deeper horizon of alkaline leaching. The B horizon like¬ 
wise undergoes a change. First there is a greater tendency for the forma¬ 
tion of a pan condition in heavy materials and for iron concretions to become 
common in the lighter materials. In the heavier soils the B horizon is 


tOIL ZONI MA^ Of ONTARIO 



Figure 3. The scale diagram in Figure 3 is an attempt to showfgrapliically the 
gradual slow changes throughout the province. On the longitudinal axes (with a 
north-south trend) are indicated the changes due to regional variations in climate, 
in Ontario is chiefly one of temperature. These regional changes give rise to soil 
zones. On the transverse axes are indicated soil changes due to local variations in 
climate. The cast-west position of these axes have, therefore, no significance as to 
the east-west location of these local types. Cross sections along selected lines are 
shown in Figure 4. 
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gradually replaced by a horizon of accumulation in which much of the 
eluviated material remains in solution. Where the water table is more or 
less permanently high, a plastic subaqueous horizon, high in colloids, 
forms underneath the deep organic surface. A zone of alternate oxidation 
and reduction also becomes increasingly dominant until the position of a 
permanently high water table is reached. Rusty brown mottlings, which 
indicate alternate oxidation and reduction are found in both the horizons 
of eluviation and illuviation. The term glei has been applied to this zone 
of alternate oxidation and reduction and also to the greyish-blue, plastic, 
subaqueous horizon underlying the organic layer (see generalized diagrams, 
Figures 3 andj[4). Factors which either singly or in combination tend to 




t IGURE 4. The Major Soil Profile Scales for Ontario. 


increase the effectiveness of rainfall and render temperature less effective 
are: (1) heavy and compact soil materials, (2) smooth topography, (3) high 
regional water table, and (4) the initiation of a moor vegetation. True 
lithosols or hydrosols are barely within the pedologist's field and con¬ 
sequently are placed at] the extremes of the scale and give little weight 
to the indices. Within the scale the change of characteristics from one 


























































January, 1945] hills—decimal system of soil classification 


263 


extreme to the other is gradual and varies considerably in detail in dif¬ 
ferent soil materials. While a separate scale diagram for each type of material 
within a climatic soil region may be considered desirable, a single combination 
scale has proven most useful providing its composite nature is recognized. 

Under the cool humid climate prevailing throughout Ontario, pod- 
solization processes operate wherever drainage conditions permit. These 
are most active on the *'normal** sites where the soil-forming factors permit 
the fullest expression of the climatic agencies. They become less active 
with the increased influence of those factors which tend to create the 
pseudo-arid or pseudo-maritime conditions. As drainage becomes poorer, 
podsolization is gradually replaced by gleization and increased organic 
accumulation. Figure 3 is a generalized diagram showing these types of 
profile development arranged according to the profile scale. 

Discussion of Certain Profiles 

Profile Index 0 

The profile at index 0 may be described as an Ao ~ Ci type. This 
profile is developed under conditions which place the maximum restriction 
on the effectiveness of the rainfall. 

The soil profile at this index is extremely shallow or may be entirely 
absent. The Ao and Ai horizons are ver>^ thin. The B horizon is also 
extremely shallow if present. The upper portions of the geologic materials 
are usually weathered slightly to form a Ci horizon. Usually the site is 
excessively drained with the water table below 6 feet. The natural vege¬ 
tation has modifications which adapt it for a dry environment, i.e. it is 
zerophytic. 

Profile Index 1 

The profile at index 1 may be described as an Ai-o (B 2 )B 3 type. The 
factors which limit the maximum balanced development are the same as 
those outlined for index 0 but here they are operating with a lower intensity. 

The Ao and Ai horizons are comparatively shallow. The A 2 is abnormal 
but variable, being very deep in siliceous materials and quite shallow if 
calcareous and argillaceous. The B^, if present, is very narrow. The 
Bs horizon is usually quite thick in siliceous materials and very thin in 
those high in clay or lime. 

Profile Index 2 

The profile at index 2 may be described as an Ai,2,3 Bi, 2 . 3 »C. The 
environmental conditions are optimr.m for the maximum development of a 
well-balanced profile reflecting the regional climate and associated vegeta¬ 
tion. The A and B horizons are well-developed and in proportion to each 
other. Both of these are well subdivided into subhorizons which reflect 
only those processes associated with the regional climate, which, in Ontario, 
are types of podsolization. 

Soil drainage is good but not excessive. The water table is usually 
at depths greater than 6 feet. These features are usually conditioned by 
an undulating topog raphy but are also found on smoother and more rolling 
sites depending on the texture of the soil material. Natural vegetation 
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may also play a dominant r61e in moisture control. The geologic materials 
are commonly of intermediate texture. Heavy soils with open structure 
and light soils with capacity to form moisture retaining horizons are also 
included. The petrographic nature of the parent material also affects 
optimum soil development. Very high content of either siliceous, argilla¬ 
ceous or calcareous materials will result in a development which is abnormal 
for the region particularly since the period of weathering in Ontario since 
glaciation has been so short. Conditions which are optimum for the 
maximum balanced soil development are likewise optimum for the develop¬ 
ment of the regional mesophytic vegetation, i.e., plants requiring normal 
moisture conditions. This is the climatic climax of the ecologist. (8). 

Profile Index 3 

The profile at index 3 is commonly marked by a slight under-develop¬ 
ment in both the A and B horizons and by the presence of slight mottlings. 
In the heavier soils the B horizon tends to be comparatively wide although 
there are indications that the material actually translocated is less densely 
accumulated at any particular point than is the ca^se af the B at index 2. 
Factors which either singly or in combination tend to increase the effective¬ 
ness of rainfall and render temperature less effective are heavy and compact 
soil materials, gentle slopes and a higher regional water table. 

Profile Index 4 

At index 4 the effect of temperature is still further reduced by a 
coincidence of factors which retard soil drainage. Such factors have been 
outlined at Index 3 and include soil materials still heavier or more compact, 
a smoother topography, or a maintenance of the water table at a higher 
level than under the conditions prevailing at Index 3. The profile is 
commonly characterized by an induration of the B horizon. In the heavier 
soils there is a tendency to form the clay pan or otherwise cemented hardpan 
commonly associated with the planosols. (These hardpan conditions are 
not as highly developed in Ontario as in neighbouring areas of the United 
States which have been subjected to weathering for longer periods of time.) 
In the lighter soils, lenses of iron pan are found at this index. In nearly 
every case, there is a more pronounced mottling, indicating greater deoxid¬ 
ation. 

Profile Indexesy 5, 6^7^ 8^9 

The development of these profiles is conditioned by a high water 
table which renders the leaching properties of soil water less effective. The 
result is a wider horizon of accumulation, a shallow grey leached horizon, 
and the maximum development of a deoxidized horizon (the glei). For 
variations see generalized diagram, Figure 4. 

These intrazonal hydromorphic soils which include the wiesen- 
bdden (of marshy meadows), the ground water podsols, and the half bog 
soils. 

Profiles at indexes 8 and 9 indicate conditions where the influence of soil 
water is at its maximum and that of soil temperature is at its minimum. 
At index 8, the profile is that of a bog soil. The profiles of bog soils differ 
in detail with climate and adjacent upland areas. At index 9 are profiles 
transitional in nature between the bog soils and the true hydrosols. 
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FEATURES OF THE SOIL PROFILE REFLECTING REGIONAL CLIMATE 

The features of the soil profile which reflect regional climate (found in 
the thousands column) are those associated with organic matter and soil 
weathering. Climate broadly determines the type of natural vegetation 
and accordingly the type of organic remains which is to be associated with 
the soil. Climate, too, is the factor which largely determines the extent 
to which organic matter will be incorporated into the soil and how much 
will remain on the surface. Climate determines the type of chemical 
weathering and the processes of translocation of the weathered products 
within the soil. The climatically controlled processes reflected in the 
soils of Ontario are organic accumulation, melanization, podsolization, 
and gleization. 

Organic accumulation requires little definition. In cool, humid 
climates, the organic matter decomposes slowly and therefore accumulates 
on the surface in increasing amounts. A layer of slightly decomposed 
organic matter is termed the Ao horizon. It is thin in places where the 
type of vegetation and the climate favours its decomposition and incor¬ 
poration with the mineral soil. In this case, the decomposition may be 
proceeding rapidly to form a thick A 2 horizon. Where the process is slow, 
organic matter accumulates more rapidly and at greater depths. In 
profiles in which the organic matter of the Ao tends to form an Ai layer 
but slowly, the combined horizons are called mor, where the layer is shallow. 
Deeper layers of poorly decomposed organic matter are known as peat. 

Melanization is the process of uniting organic and inorganic soil 
materials and results in the formation of a very dark horizon (the Ai). 
This is usually a mineral soil high in organic matter. It may also refer 
to a well decomposed and mineralized organic soil (muck). Melanization 
is associated with warm humid and subhumid climates. It is most highly 
developed under grass but may also be the dominant process under hard¬ 
woods. The process is promoted by a good calcium suppl>. In fact the 
northward extension of this process occurs mainly on .^^ites on which the 
available calcium is high. Where the organic matter is being largely 
transformed from an Ao to an Ai condition, the combined organic horizons 
are often referred to as muU, 

Podsolization is a leaching process which tends to remov’e iron and 
aluminum, etc., from the upper soil horizons and deposit them in a lower 
one. This leaching process occurs on the better drained soils of temperate 
forest regions, but becomes most intensive in the cooler and more humid 
regions of the coniferous forests with their unincorporated acid humus or 
mor. The downward-moving rain-w Her, percolating through the shallow 
layer of organic matter, becomes acid. These acidified waters remove 
varying amounts of iron, aluminum and other elements from the upper 
mineral layer depending on the type of organic matter through which it 
passes. The leaching results in an ashy grey horizon (Aa) low in iron and 
aluminum and rich in silica (sand). The degree of greyneb.s in the leached 
horizon is usually indicative of the intensity of leaching. To these soils 
with an ash-like leached layer, the Russians have given the name ‘'podsol”. 
Underlying the leached Ao horizon, the B, in which there is an accumulation 
of the iron, aluminum and clay colloids leached out of the A 2 above. 
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Gleization is the process involving the alternate oxidation and reduction 
of the products of weathering in a dispersed form. This process occurs 
under poor drainage conditions in all climatic regions. In warm regions 
it is associated with processes of humus incorporation. In the cooler, 
more humid climates, it is associated with the process of peat formation, 
in which there is organic accumulation with little melanization. Two 
phenomena result from the rise and fall of the water table. First there is 
the phenomenon of alternate oxidation and reduction. When the water 
table is low, the soil is aerated and oxidation takes place. When the soil 
is again saturated, the materials are reduced. The rusty, brown mottling 
which characterizes soils under these conditions indicate the presence of 
reduced iron oxides. This horizon is known as the glei (gley) or Gi. 
Secondly, when the water table is low, the soil above it is subject to weather¬ 
ing and the products of weathering are leached downward. These accumu¬ 
late in a dispersed form in contrast to the accumulation of precipitated 
colloids in the B horizon resulting from podsolic leaching. When in close 
proximity to the water table this horizon is commonly deoxidized and grey 
to blue in colour. In clay soils it is extremely plastic when wet, and brittle 
when dry. This horizon too, has been called the glei (gley), frequently 
the G 2 , to distinguish it from the Gi, although often they occur in such 
intimate association that there is not a distinct line of demarcation between 
them. 

All of these processes occur throughout Ontario, but there is consider¬ 
able variation in the degree to which each is operating. The results are 
modifications in the major profile scale. If all the modifications within the 
province are to be taken into account, innumerable variations of the 
generalized scale would be necessary. However, the range of modifications 
has been divided into four, and scales have been established to represent 
four main climatic soil zones. Outliers of two other zones also occur. 
The subdivisions of the thousands column are indicated in Table 3. Further 
detail concerning regional types are illustrated in Figures 3 and 4. 


Table 3.—The key to digits in the thousands column 

0. Tundra (Moor), Mean Line AB (Figures 3 and 4). 

1. Podsol (Moor), Mean Line CD (Figures 3 and 4). 

2. B|:own Podsolic, Mean Line EF (Figures 3 and 4). 

3. Grey Brown Podsolic, Mean Line GH (Figures 3 and 4). 


GHOROLOGIG OR MAPPING UNITS 

A chor^ogic or mapping scheme of classification is necessary since 
soils do notalways occur in areas sufficiently uniform to use taxonomic 
units for mapping purposes. It has been conceived that a taxonomic type 
may embrace a reasonable range of characteristics. Upon this basis, 
Marbut established the soil type as a unit serving both taxonomic and 
chorologic purposes. The difficulties which have arisen through the failure 
to recognize the position of the soil type in the two classificatory systems 
are well-known to many soil surveyors. Kellog (5) points this out and 
stresses the need of the soil complex as a mapping unit of greater variability. 
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The chorologic or mapping unit, then, is a means of recording the 
distribution pattern of taxonomic units which the soil surveyor will en¬ 
counter in the field. Certain taxonomic types must be considered as focal 
points from which to measure the degree of deviations. The soil surveyor 
first decides the taxonomic type and records it by means of the decimal 
symbol. If the characteristics in a mappable area are sufficiently uniform 
and do not extent beyond the range arbitrarily established for a taxonomic 
unit, it is evident that the area mapped will represent both a mapping and a 
taxonomic unit. When various decimal symbols appear on the field 
sheets in such a way that the separation of uniform areas of soil is impossible, 
a mapping unit covering a greater range of conditions is then established 
which may be more accurately called a soil complex. This unit embraces 
comparatively wide variations in type of geologic materials as well as change 
in the major profile class. If the unit mapped involves only profile varia¬ 
tions upon similar parent material, the term catena (1) is used as indicated 
in Table 4. All soils in the same catena have the same tens and the hundreds 
column of the decimal symbol. The catena is similar to the soil association 
of Ellis (3). The terms series and types are common in the soil survey 
literature and should require no further discussion here. 



Table 4.—Sumbiaky table showing the decimal taxonomic subdivisions of the mapping symbol 
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* 1 for grey-tM-own podsotic zone, 
t M (muck) mdaiiized layer. 

13 P for peat 




Table 5.— Key to major soil types of Carleton County —^A. Major Profile Types Common to the Grey Brown PodsoHcZone 
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Table 5, — ^Kby to the major soil tyres of Carleton county —Continued—B. Major Profile Types Common to the Brown PodsoHc Zone 
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Figure 5. Distribution Pattern of Taxonomic Units. 























































































January, 1945] hills—decimal system of soil classification 


271 


While the use of the soil complex as a mapping unit expressing greater 
variability than the soil type is a step in the right direction, it would hardly 
seem to go far enough. To establish a boundary between these at any 
arbitrary point would merely indicate that the soil type is comparatively 
homogeneous and the complex comparatively heterogeneous. It would 
seem advisable to establish some device to indicate the distribution pattern 
of the taxonomic units. This the author has attempted to do in the 
following keys for Carleton County (10) and Rainy River District (11). 
(See Table 6 and Figure 5.) 

An examination of Table 6 indicates that few of the soil types have a 
range as uniform as that of the taxonomic units with which they were 
measured. Many types such as the Grenville loam could be fairly easily 
identified by a single symbol, others such as the Lyons loam and Rubicon 
sand occupy portions of a catena. Then there are those such as Farmington 
clay which might run the whole gamut of the catena. The North Gower, 
as mapped, is neither a soil type nor a soil catena, but a soil complex since 
it is found on more than one type of parent material. In the reconnaissance 
survey in Northern Ontario (11) no attempt has been made to approximate 
homogeneity of the soil type. More inclusive and less precise mapping 
units namely the land class and the land type were established using land 
form and vegetation as the mapping criteria. While this demanded another 
mapping scheme than that used in the Soil Survey of Southern Ontario, 
it was found that the average range of profile characteristics could be 
described by using the same major profile scales. An attempt has been 
made to indicate the average distribution by a curve, (see Figure 5). 

This system of classification was first used in Ontario during the Carle- 
ton County Survey in 1940. Since then it has undergone considerable 
changes and will doubtless require further modifications or clarification 
before it is suitable for all of Ontario. In spite of this lack of perfection, 
the system is now serving a very useful purpose not only in the correlation 
of soils within local areas, .such as counties, but also in broader ecological 
studies of relationship of soils to crops and natural vegetation. Granted 
that its use demands considerable experience and knowledge of soils for 
those who would use it, it is doubtful whether a system of classification 
could be devised which would render soil survey a matter of simple routine. 
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PHYSICAL FACTORS AFFECTING LAND USE IN A 
COMMON SOIL TYPE IN ONTARIO' 

N. R. Richards* 

Experimental Farms Service, Ottawa, Ontario 

Farm lands in the Province of Ontario have a wide range of physical 
conditions that affect their use. These may be expressed on a detailed 
map by delineating areas showing soil type, degree of slope, and kind and 
degree of erosion. Present land use must be recognized since it may have 
a very decided effect on the extent to which a soil type suffers from the 
hazards of erosion. 

A ‘‘Soil Type” (2) may be defined as a group of soils having genetic 
horizons similar as to differentiating characteristics, including texture and 
arrangement in the soil profile, and developed from a particular type of 
parent material. However any soil type is actually an expression of a 
range of conditions. A type characterized by level topography will not 
exhibit as many variations as one characterized by rolling topography. 
On the latter there is a wide range in degree of slope, drainage conditions, 
and the extent to which the type suffers from erosion hazards. A level soil 
type may be represented entirely in one slope class while one with rolling 
topography may be contained in several classes as is the case in the type 
under discussion. The smoother slopes, with good farming practices, can 
be cultivated without fear of excessive erosion. However, on the steeper 
.slopes care must be exercised to protect the surface soil from eroding away 
since a definite relationship exists between degree of slope and soil losses. 
On a level soil type the drainage is usually relatively uniform throughout 
whereas on a rolling type it may vary from good drainage on the smooth 
slopes to excessive drainage on the steep slopes. 

More than 75,000 acres of Bondhead fine sandy loam were recognized 
and mapped in Durham County and slightly more than 50,000 acres in 
Northumberland and York Counties. Formed from materials which are 
comprised largely of Trenton and Black River limestone the Bondhead 
fine sandy loam is commonly referred to as a till soil. The rolling topo¬ 
graphy provides adequate drainage over most of the type with the exception 
of the steep slopes which are often excessively drained. Stones are present 
throughout the soil profile, but not in sufficiently large numbers to interfere 
with cultivation. This soil exhibits a well developed profile common to the 
Grey Brown, Pod sol ic soils and is described in Figure 1. 

Mixed farming is the dominant type of agriculture being practised 
on the type. Small grains and hay are grown to feed live stock. Produc¬ 
tion of butterfat, beef cattle, swine and poultry form the basis trom which 
. the farm income is derived. Oats, wheat and barley are the most common 
grain crops grown. 

Slightly over 4,000 acres of Bondhead fine sandy loam were examined 
in detail in a sample area of Hope Township, Durham County and an 
inventory made of the physical factors that affect the use of this soil type. 

1 Presented to the Soils Group of the Canadian Society of Tecfmical Agriculturists at the Annual Con¬ 
vention, Toronto, Ontario, June 26-29, 1944. 

2. Agricultural Scientist, Experimental Farms Service, c/o Ontario Agricultural College, Guelph. 
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Ai horizon 6 inches grey brown hne sandy loam; friable crumb 
structure; neutral to slightly alkaline reaction; stones common 
in the surface soil. 


Aa horizon 8-12 inches pale yellow brown fine sandy loam; stones 
common. 


B horizon 3-6 inches dark yellow brown loam to clay loam. 


C horizon grey, loamy, calcareous till dominated by limestone 
materials. 


/ 

I / 




Figure 1. A cultivated profile of Bondhead fine sandy loam. 

Present land use or cover was charted on aerial photographs. A series of 
vertical photographs taken in 1927 was obtained from the R.C.A.F. and 
formed a very useful and satisfactory base upon which to chart present 
cover. All lands planted to crops, fallow land, orchards and areas seeded 
down to crops grown in rotation were considered "Cropland". At the time 
of the survey 72% of the Bondhead fine sandy loam was contained in the 
Cropland class. Areas used for grazing and not in the regular system of 
crop rotation were mapped as "Permanent Pasture" and occupied 23% of 
the surveyed area. Much of the permanent pasture is located on the steep 
slopes as indicated in f'igure 2 while the smooth slopes are cultivated. 
Land with 40% or more of its surface covered by trees wafe considered 
“Woodland". A little less than 4% of the Bondhead fine sandy loam in 
the surveyed area is under tree cover. The remaining 1% of the area 
was considered “JdleJjind"., 

^ Percentage 


Present Land Use of area 

Cropland 72 

Pasture Land 23 

Woodland 4 

Idle Land 1 


Total 


100 
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Slope affects the rate of run-off and consequently the susceptibility of 
a soil type to erosion. Slope was measured by use of the Abney Level, and 
six classes were established to express this factor. 

Table 1.—Slope class and percentage of area 

OCCUPIED 


Slope class 

Area occupied 


% 

A — 0-3% 

1.8 

B — 3-8% 

43.5 

C — 8-15% 

43.2 

D — 15-25% 

6.8 

E — 25-35% 

2.8 

F — 35% and over 

1.9 

Total 

100.0 


An experiment conducted at the La Crosse Experiment Station, 
La Crosse, Wisconsin (1) compares the soil losses from slopes of 3, 8, 13 and 
18%. There are 3 plots on each slope, and the individual plots are 72 
feet long up and down. Measurement of soil losvses was made for two 
years with all twelve plots planted to barley. The average annual soil 
lost per year has been: 


Percentage 

slope 

% 

3 

8 

13 

18 


Average annual 
soil loss 
tons 
0.69 
2.34 
6.80 
17.19 


It’is interesting to note that the 18% slope is less than twice as steep 
as the 13% but the soil loss is almost three times as great. As the slope 
becomes increasingly steep the soil losses continue to increase even more 
rapidly. The erosion hazards are multiplied as the steeper slopes are 
cultivated. 

Crops vary greatly in the amount of protection from erosion that they 
give to the fields on which they are growing. Permanent cover crops such 
as hay, pasture and woodland tend to hold the soil in place and reduce 
erosion because: (1) they cover the soil completely the year around, and 
(2) add to the organic matter and granulation of the soil thus increasing 
the water absorbing capacity which in turn decreases surface run-off. 
Cultivated crops, particularly row crops, usually increavse soil erosion be¬ 
cause they: (1) reduce soil granulation and the organic matter content 
of the soil thereby lowering the water-holding capacity and increasing the 
surface run-off; (2) do not occupy the soil throughout the year; and (3) do 
not cover the soil completely. Table 2 expresses the distribution of present 
land use according to slope group. 
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Table 2.—Distribution of present land use according to slope group 


Present land use 

A slopes 
0-3^0 

B slopes 
3-8% 

C slopes 
8-15% 

D Slopes 
15-25% 

E Slopes 
25-35% 

F Slopes 
35% and 
over 

• 

% 

% 

% 

% 

% 

% 

Cropland (2,892 acres) 

2.1 

48.0 

43.9 

3.8 

1.9 

.3 

Pasture Land (932 acres) 

1.7 

35.6 

40.8 

11.6 

3.4 

6.9 

Woodland (132 acres) 

0 

2.9 

41.2 

32.4 

17.7 

5.8 

Idle Land (54 acres) 

0 

30.8 

61.6 

7.6 

0 

0 


The figures in Table 2 indicate that almost half the area in cropland is 
located on slopes greater than 8%. Because of steep topography and 
susceptibility to erosion there has been a tendency to retire the areas having 
steep slopes to permanent cover of woodland or pasture. 

The Bondhead fine sandy loam is susceptible to sheet erosion, and to 
express this factor five erosion classes were established. 


Erosion Class 

Percentage 
of Area 

Little or no erosion 

7.6 

Slight erosion 

43.6 

Moderate erosion 

38.8 

Severe erosion 

3.7 

Very severe erosion 

6.3 

Total 

100.0 


Table 3.—Distribution of present land use according to erosion classes 


Present land use 

Little or 
no erosion 

Slight 

erosion 

Moderate 

erosion 

Severe 

erosion 

Very severe 
erosion 


% 

% 

% 

% 

% 

Cropland 

5.9 

43.4 

44.1 

2.7 

4.1 

Pasture land 

13.3 

45.5 

26.2 

5.2 

9.8 

Woodland 

15.2 

33.3 

27.3 

12.1 

12.1 

Idle Land 

O' 

54.1 

55.9 

0 

0 


Because of its rolling topography and the extent to which it is cultivated 
the Bondhead fine sandy loam presents an acute erosion control problem. 
Special attention ]j||]st be paid to the selection of suitable rotations, adapted 
farm crops, and to the application of erosion control practices if this soil 
type is to be successfully farmed. Pastures for the most part are located 
on land which was formerly used for crops. Erosion on pastures, therefore, 
is more severe than it would have been if the land had been maintained in 
grass. Some of the area mapped as woodland are plantings.on severely 
eroded areas. Other wooded areas have been pastured and are showing 
signs of accelerated erosion. ^ A large percentage of the idle land on the 
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Bondhead fine sandy loam will be cultivated again when sufficient labour 
and equipment are available. However over 55% of the area that is idle 
now will require intensive erosion control practices when cultivated. 



Figure 2 Smooth slopts on tht Bondluad line sand\ loam an cultivatid, while 
the steeper slopes are us(d for pasture 

After the four factors, soil type, piesent cover, degree of slope, and 
erosion have been measured they form the basis for planning improved land 
use on the surv^eyed area. Although each of the factors is significant in 
itself, it is desirable to group them into a simple classification that will 
express the capabilities of the land for use Fiv^e categories were established 
on the basis of the physical characteristics w hich determine the capability 
of the land for use Classes I, II, and III include land that is suitable 
for the regular use of growing crops that lequire tillage. Classes IV and V 
are not suitable for continuous cultivation and are best adapted for pasture 
or forest land. 

Class I land can be cultivated safely and permanently without the use 
of special erosion control practices. Fxcept for practices necessary to 
replace plant nutrients removed by crops, and the maintenance of good 
soil tilth, land in this class is capable of pioducing moderate to high yields 
of general farm crops. About 7 6% of the Bondhead fine sandy loam is 
contained in Class I. 

Class II land can be cultivated safely provided fertility levels are 
maintained and protective measures such as the incorporation of legumes 
in the grass seed mixture and the maintenance of waterways in sod are 
employed to protect the soil from erosion About 42% of the surveyed 
area is Class II land. 
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Class III land occupies 39% of the area. Land in this class is suitable 
for cultivation provided complex or intensive erosion control practices are 
employed. In this class, it may be necessary to use contour cultivation 
or strip cropping. Every effort must be made to conserve as much soil 
moisture as possible. 

Because of steep slopes, irregular topography, or severe erosion, over 
4% of the Bondhead fine sandy loam included in Class IV land would serve 
its greatest usefulness as Pasture Land. 

Land Class V contains very severely eroded areas with rough, steep 
and broken topography. Even under grass cover, land in this class erodes 
readily. Forest cover is recommended for about 9% of the Bondhead fine 
sandy loam. 


Land Class 

Percentage 


of Area 

1 

7.6 

II 

41.8 

III 

37.2 

IV 

4.3 

V 

9.1 

Total 

100.0 


Such an inventory of any soil type forms the basis for the development 
of improved land use. The results indicate that erosion control measures 
are urgently required if the land is to serve its greatest use capability. 
However, before recommendations are made, specific knowledge, field by 
field, must be obtained and the suggested protective measures must be 
fitted into an acceptable farm plan. 
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CEREAL VARIETY ZONE 
CO-ORDINATION IN THE PRAIRIE PROVINCES 

[Received for publication February 15, 1945) 

For the past 15 years the Cereal Variety Zone Co-ordination Committee 
of the Western Canadian Society of Agronomy has functioned to give 
coherence to the recommendations of the cereal committees of the three 
prairie provinces. The main purpose of the committee is to co-ordinate 
at the provincial boundaries the cereal zone boundaries and variety recom¬ 
mendations. The committee consists of six members, two being from each 
province as follows: Alberta, Dr. A. G. McCalla, University of Alberta, 
Edmonton, and Mr. W. D. Hay, Dominion Experimental Station, Leth¬ 
bridge; Manitoba, Dr. C. H. Goulden, Dominion Laboratory of Cereal 
Breeding, Winnipeg, and Mr. W. J. Breakey, Dominion Experimental 
Farm, Morden; Saskatchewan, Mr. J. G. Davidson, Dominion Experi¬ 
mental Farm, Indian Head, and Dr. J. B. Harrington, University of 
Saskatchewan, Saskatoon (Chairman). Two of the previous reports of 
this committee have been published in Scientific Agriculture, namely, in 
1933 in vol. 13, pp. 473-475, and in 1936 in vol. 17, pp. 259-263. 

The co-ordinating committee, at its last annual meeting, which was 
in June, 1944, at Saskatoon, adopted the plan of preparing for publication 
a brief annual report accompanied by an up-to-date cereal zone map of 
the prairie provinces. It was considered that there was, among the 
technical agriculturists of Canada, sufficient general interest in cereal 
zonation to warrant the publication in January or February each year of a 
co-ordinated picture of the current cereal variety recommendations for the 
prairie provinces. 

In order to have more effective co-ordination of the zones and recom¬ 
mendations which are drawn up and approved by the cerealists of the 
prairie provinces, the three cereal committees, at the suggestion of the 
co-ordination committee, have staggered the dates of their meetings and 
arranged for a representative to attend the meeting of the cerealists of the 
adjacent province where possible. For example, the Alberta Varietal 
Zonation Committee, and the Manitoba Agronomists, which includes the 
Manitoba Cerealists, held their 1944 annual meetings the middle of 
December, one week before the Saskatchewan Cereal Variety Committee 
had its meeting. The interchange of representatives at the meetings of the 
cerealists, although not yet consummated as completely as is desirable, 
has already been most valuable in the promotion of co-ordination. 

Staggering the dates of the meetings and exchanging delegates would 
not of itself effect co-ordination. The Alberta and Manitoba committees 
are well aware of the desirability of making no zone boundary change or 
recommendation that would upset the status quo without first taking up 
the point with the Saskatchewan Cereal Variety Committee and trying to 
come to a decision that would be satisfactory to the provinces concerned. 
Similarly the Saskatchewan cerealists, because their province is adjacent 
to each of the other provinces, realize the need for synchronizing Saskat¬ 
chewan zone boundary changes and recommendations with those of 
Manitoba and Alberta. 
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ZONES 

The cereal variety zones of the prairie provinces follow the soil zones 
very closely and.in Alberta and Manitoba are almost synonomous with the 
soil zones. These zones are designated by arable numerals with, in most 
cases, sub-divisions indicated by letters. The sub-divisions are to accom¬ 
modate cereal variety recommendations where climatic differences, 
important to cereal variety growth and ripening, occur. The principal 
characteristics of the basic soil zones furnish a rough background for varietal 
recommendations. In Alberta and Saskatchewan the shallow brown soils 
subject to frequent drought constitute Soil Zone 1. Zone 2 comprises the 
dark brown soils and in Alberta the shallow black soils, and is less subject 
to drought. Zone 3 includes the black, deep black and degraded black 
soils and has much better moisture conditions than Zone 2. Grey and 
strongly degraded black soils and a relatively short frost-free season 
characterize Zone 4. In Manitoba Zone 1 is transitional like Zone 2 of 
the other provinces. Zones 2, 3 and 4 are different types of black soil, 
Zones 5 and 6 are somewhat comparable to Saskatchewan Zone 4, and 
Zone 7 comprises wooded areas with soil of high lime content. 


VARIETY RECOMMENDATIONS 
Factors Considered 

There are a number of basic considerations which determine the 
recommendations of varieties. Some of the more significant factors are 
the following: 

Yield is the most important and itself depends on various inherited 
and environmental factors. A variety may yield better in Manitoba or 
Alberta than in Saskatchewan, or vice versa, and it is recommended accord¬ 
ingly. Regardless of its potential yield a variety may not be recommended 
for a given area if its susceptibility to disease, or weather conditions, etc., 
makes its use there hazardous. 

Length of growing season of a variety is very important where it is likely 
to exceed the normal frost-free period. For example, only early varieties 
of wheat and flax would be recommended in the northern parts of Alberta 
and Saskatchewan. On the other hand, oats with a short growing period 
do better than late oats in the southern areas of Saskatchewan and Mani¬ 
toba. 

Strength of straw is of chief significance in the moister areas where 
yields are high, but it is of general importance throughout the West; even 
in the dry areas occasional crops grow tall and rank. 

Reactions to specific diseases are important according to the likelihood 
of epidemics. For example, stem rust of wheat may cause serious loss in 
Manitoba and Saskatchewan but the danger is slight in western Saskat¬ 
chewan and Alberta. To a certain extent the same is true of rust in barley, 
oats and flax. 

Length of straw^ bushel weight and resistance to shattering and after 
harvest sprouting all may be deciding factors under certain conditions. 
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Wheat 

Thatcher is recommended throughout the prairie provinces which 
shows that this variety suits widely varying conditions. Regent is not 
recommended in Alberta nor is it recommended in any adjacent zone of 
Saskatchewan excepting 3E and in that case it is only considered well 
suited to the eastern part of the zone. Regent is recommended in all 
adjoining zones of Manitoba and Saskatchewan. Renown is recommended 
in Manitoba Zones 3, 4B and 6 but not in Saskatchewan. This is not 
inconsistent as Renown has yielded comparatively better in Manitoba 
than in Saskatchewan. 

Reliance is recommended for Zone IB of Saskatchewan and Canus 
for Zones 1 and 2 of Alberta. These are high yielding sister varieties of 
similar performance and both are susceptible to rust, which is much more 
important in Saskatchewan than in Alberta and accounts for the restricted 
recommendation of Reliance, compared with that of Canus. Somewhat 
similarly, Marquis and Red Bobs, both susceptible to rust, are recommended 
in Alberta but not in Saskatchewan excepting for the small northwestern 
zone 3H. Rust-susceptible varieties are discarded earliest where the rust 
threat is greatest. Thus no rust-susceptible variety of wheat is recom¬ 
mended in Manitoba, only two are recommended in Saskatchewan and 
they are restricted to the extreme west, and in Alberta no variety has been 
discarded because of susceptibility to rust. 

As for durum wheat, Mindum is recommended for Zones 1 and 2 in 
Manitoba and for eastern Saskatchewan; Pelissier, which is more drought 
resistant than Mindum, is recommended for central and western Saskat¬ 
chewan while in Alberta no durum is recommended. These recommen¬ 
dations are to be expected since the principal reason for using durum 
varieties in Western Canada has been their resistance to rust. 

Oats 

Oat recommendations also make a coherent picture, stress being laid 
on rust resistance in Manitoba, drought resistance plus rust resistance in 
Saskatchewan, and yield and straw strength in Alberta. In Manitoba, 
Ajax and Vanguard are recommended in all zones and Exeter in Zones 3 
and 7. In Saskatchewan, Vanguard is no longer recommended, it being 
replaced by Ajax and Exeter which outyield Vanguard under the drier 
conditions of that province. Banner and Victory, although susceptible to 
rust, are still recommended in many zones but none of these adjoins the 
agricultural areas of Manitoba. These varieties are much alike and the 
recommendal^^ of Banner in Zones lA, IB and 2D of Saskatchewan and 
Victory in the adjacent zones of Alberta, Zones 1 and 2, is probably largely 
a matter of local preference and does not signify an important divergence 
in viewpoint. Neither Ajax nor Exeter are recommended in Alberta 
because rust has not been a factor in oat production and t^cause the older 
varieties Legacy and Eagle have done Well in Alberta as early and late 
varieties, respectivdy. 



January, 1945] 


CEREAL VARIETY ZONE 


283 


Barley 

In discussing barley recommendations two things should be kept in 
mind. These are (1) the need for drought resistant varieties on the open 
plains of Saskatchewan and Alberta, and (2) that Newal does best toward 
the West and North whereas Wisconsin 38 and Plush do best in the East. 
In Manitoba, Plush, Wisconsin 38, Sanalta and Rex are recommended as 
feed barleys in all zones. For the adjacent zones of Saskatchewan, Plush 
and Rex are recommended but not Wisconsin 38 or Sanalta. In Alberta, 
Newal, Trebi and Sanalta are recommended for Zones 1 and 2; these 
varieties plus Olli are named for the irrigated areas. In Zone 2, Newal and 
Olli (North only) are recommended and the same varieties are recommended 
in Zones 3 and 4. In Saskatchewan, Prospect and Rex are recommended 
for Zone 1, and Newal, Plush and Regal along with Rex in the Zones 2D, 
3E and 4B which are adjacent to Alberta. In Alberta the performance 
of Newal has been so satisfactory that it is the only smooth-awned vari¬ 
ety recommended. It would seem that greater co-ordination of feed 
barley recommendations at the Alberta-Saskatchewan boundary should be 
sought. However, the present apparent lack of co-ordination is not serious 
considering that conditions in eastern Alberta are not identical with those 
of western Saskatchewan. 

For malting barley O.A.C. 21 is recommended in all zones of Alberta, 
the northeastern and eastern zones of Saskatchewan, and all of the Mani¬ 
toba zones excepting the southwestern region. In addition Olli is recom¬ 
mended for Zones 3 and 4 of Alberta, and Mensury is an alternative to 
O.A.C. 21 in Manitoba. The principal lack of co-ordination here is the 
recommendation of O.A.C. 21 for the open plains zones of Alberta but not 
of Saskatchewan. However, it is recognized by the cereal committees of 
these provinces that the growing of malting barley should not, as a rule, 
be attempted on the dry open plains. Mensury is very similar to O.A.C. 21 
and was omitted from recognition by the Saskatchewan cerealists on that 
account. Thus there is excellent agreement between Manitoba and 
Saskatchewan as to malting barley recommendations. The recommen¬ 
dation of Olli in Alberta is in accord with its favourable mention for north¬ 
eastern Saskatchewan. 

Flax 

The flax recommendations show satisfactory co-ordination in that 
Royal is recommended for all central and southern areas, and Redwing for 
the northern and other shorter season areas. In Manitoba, Buda does 
well in some areas and is an alternative to Royal whereas, in Alberta, 
Bison is recommended along with Royal in Zones 1 and 2. The rust and 
frost susceptibility of Bison have not been as important factors in Alberta 
as in Saskatchewan. 

CONCLUSION 

On the whole there is reasonably satisfactory co-ordination of cereal 
zones and variety recommendations in the prairie provinces. Undoubtedly 
the use of a uniform soil classification throughout the Prairie Provinces 
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wduld be helpful in bringing about a full co-ordination of cereal variety 
zones. It is hoped that this materializes within the next few years. A 
certain amount of discrepancy may continue in the variety recommenda¬ 
tions, but this may be more apparent than real. Each committee of 
cerealists endeavours to keep the number of recommended varieties at a 
minimum. Thus when one province recommends a given variety A it is 
less likely to advocate another variety B which is somewhat similar to A 
but does not excel it. If, then, the adjacent province happened to recom¬ 
ment B first it would similarly not recommend A. Here would be a case 
where the actual difference in recommendation is slight yet appears to be 
large. The existing variety recommendations of the Prairie Provinces 
show more fundamental consistency than is apparent and in general it can 
be concluded that a fair degree of co-ordination has been achieved. 

J. B. Harrington, Chairman 

February 15, 1945. 
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EPIDEMIOLOGY OF STEM RUST IN WESTERN CANADA* 

J. H. Craigie^ 

Dominion Laboratory of Plant Pathology^ Winnipeg, Manitoba 
(Received for publication March 27, 1943] 

INTRODUCTION 

Recurrent outbreaks of vStem rust (Puccinia graminis Pers.) have been 
responsible during the present century for a great deal of damage to cereal 
crops in Western Canada, particularly to wheat. Although severe 
epidemics have occurred only periodically, yet the disease has been present 
every year and has caused a greater or less amount of damage. As a 
matter of fact, as early as the year 1896, it caused considerable damage in 
Manitoba (16). A heavy outbreak occurred in 1904, but it was not until 
1916 that the loss caused by it reached calamitous proportions. In that 
year, the loss in wheat amounted to 100,000,000 bushels (29, 65, 189). 
Since then vseveral other very destructive outbreaks have occurred, notably 
in 1923, 1927, 1935, and 1938. Calculations made recently (79) show that, 
for Manitoba and Saskatchewan, the average annual loss in wheat between 
1925 and 1935 was in the vicinity of 35,518,000 bushels, and, in oats, for 
the 6-year period 1929-1934, around 8,334,000 bushels. For Manitoba, the 
yearly loss in barley between 1916 and 1937 was estimated at 2,350,000 
bushels (44). Rye has never been injured to any appreciable extent. 
Within the last few years, losses from stem rust have been largely eliminated 
in wheat and oats by the extensive introduction of rust-resistant varieties 
of these two cereals. 

As is well known. Western Canada is largely a cereal-producing area. 
Wheat is the most important crop, occupying a total of approximately 
23,200,000 acres, 2,500,000 being in Manitoba, 13,200,000 in Saskatchewan, 
and 7,500,000 in Alberta. Approximately 9,500,000 acres are sown to 
oats, about one-half being in Saskatchewan, one-third in Alberta, and the 
remainder in Manitoba. Barley occupies a little in excess of 3,000,000 
acres, about equally divided among the three provinces. Only about 
700,000 acres are sown to rye, distributed among the three provinces in 
about the same proportion as given for oats. 

Seeding and harvesting of wheat usually become general a week or 
more earlier in the southern than in the more northerly parts of the three 
provinces. The actual dates for seeding and harvesting vary a good deal 
with the season. Perhaps the last week in April and the second >veek in 
August may be taken as the usual time, respectively, when seeding and 

» Contribution No. 804 Botany and Plant Pathology. Science Service, Department of Agriculture, Ottawa, 
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harvesting operations become general over the greater part of Western 
Canada. Barley and oats are generally regarded as of secondary importance, 
and are usually sown after most of the wheat seeding has been done. To 
some extent, harvesting of the three crops proceeds concurrently, but most 
of the barley is cut earlier, and most of the oats later, than the wheat. 
Rye is sown both in the autumn and in the spring, but all of it ripens about 
the same time, usually a little earlier than barley. 



• AMMOXIMATC NORTHCRN LIMIT OF PRCSCNT CEREAL CULTIVATION. 

.. BOUNDARY or AREA MOST AFFECTED'BY STEM RUST IN I93S. 

m m •> m m 1935* 

Figure 1. Map of Western Canada, showing the approximate northern limit of 
cereal production and the boundary of the area most affected by stem rust in 1935 
and in 1938. 

The area most frequently and most severely affected by stem rust 
embraces Manitoba and eastern Saskatchewan, the so-called “rust area.” 
The western boundary of this area may be represented roughly by a line 
running northerly through Assiniboia, Moose Jaw, Humboldt, and Melfort, 
in Saskatchemn. Figure 1 indicates approximately the respective 
boundaries of the areas severely damaged in the stem-rust epidemics of 
1935 and 1938. It also shows the approximate northern boundary of the 
cereal-growing area. Except in two or three of the epidemic years, western 
Saskatchewan and Alberta have sustained relatively little injury from 
stem rust. Broadly speaking, the general tendency in Western Canada has 
been for the severity and the frequency of stem-rust attacks to decrease 
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from east to west, Manitoba has suffered most from these attacks, Alberta 
the least; although not infrequently in Alberta late crops have been 
heavily rusted. 

Three different varieties of stem rust occur on cereal crops in Western 
Canada. The variety that attacks wheat and barley {Puccinia graminis 
Tritici Erikss. & Henn.) is the most important. Barley, however, has 
never suffered so severely as,wheat, for the bulk of this crop ripens earlier 
than the wheat and, on this account, has usually escaped the full force of 
severe outbreaks, although, in bad rust years, late barley has always been 
severely damaged. Next in importance comes stem rust of oats {Puccinia 
graminis Avenae Erikss. & Henn.). It has usually been severe in years 
when stem rust has been heavy on wheat, although this has not always 
been the case. For example, in 1937, infection on wheat was severe in 
south-central and central Manitoba and moderately severe in the eastern 
portion, but infection on oats was of no consequence. On the other hand, 
in 1932 and 1934, two non-epidemic years, oat stem rust was more prevalent 
than wheat stem rust. The third variety, stem rust of rye {Puccinia 
graminis Secalis Erikss. & Henn.), has never been of any importance. As 
a rule, little more than a trace of this rust has ever been found on the rye 
crop. 


Purpose and Plan of the Investigation 

As already stated, stem rust has been present every year in Western 
Canada since the beginning of the present century, but it has been more 
destructive in some years than in others. An investigation, extending over 
a period of years, has been made (a) to determine the source of the inoculum 
that yearly initiates stem rust in this area, (b) to detect each year the first 
appearance of the disease in the field, (c) to observe its subsequent rate of 
development and direction of spread, and (d) to ascertain if possible what 
factors promote or retard the intensity of its attack. 

Some phases of the investigation w^re begun in 1918, but the bulk 
of the data presented in this paper has been accumulated since 1925. At 
the beginning of the investigation, relatively little was definitely known 
concerning the source of inoculum that initiated outbreaks of stem rust in 
this region, although three possible sources were recognized: (a) aeciospores 
from the common barberry, (b) uredial material that overwintered, and 
(c) wind-borne spores that originated in some other area. These three 
possibilities were studied with the view of determining to what extent each 
might be a contributory factor toward the establishment of primary 
infections in the new crop. In addition, field surveys were carried out each 
year to observe the progress of the disease and to determine the. area affected 
by it. And, finally, meteorological data were studied to ascertain the 
influence of different meteorological factors on the development and spread 
of the disease. 

Owing to the fact that spring wheat is the most important crop in 
Western Canada and the one most frequently and sev^erely affected by 
stem rust, it was in this crop that the best sequence of observations were 
possible on the development and spread of the disease, and, consequently, 
the discussion in this paper deals principally with wheat stem rust {Puccinia 
graminis Tritici) in spring-sown wheat. As, in 1939 and subsequent years, 
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the area seriously affected by stem rust has been sown to stem-rust resistant 
varieties of wheat and oats, the data considered in this paper terminate 
with the year 1938. 


Sequence in Time and Place of Early Infections 

It will make possible a better understanding of the other aspects of 
the study if a general statement is first made as to the sequence in time of 
the first appearance of stem rust in different parts of Western Canada. 
The field surveys have shown that, year after year, outbreaks of stem rust 
follow the same general course of development, although the severity of the 
outbreaks may vary very markedly. Initial primary infections never 
become common in a district until after the crop, or a considerable part of 
it, in that district has headed or is coming into head. Almost without 
exception, the finst traces of the disease occur in southern Manitoba, more 
often than not in the Red River Valley. About a week after the first traces 
appear, widely scattered pustules are usually found over most of the 
southern part of this province. Occasionally, however, as in 1929 and 
1935, a uniform sprinkling of pustules may appear almost simultaneously 
over this whole area. In either case, the time of appearance is usually the 
last week of June or the first week in July. Further north, the disease 
makes its appearance somewhat later. For instance, in the Swan River 
Valley, the most northerly agricultural area in Manitoba, the advent of 
stem rust is usually from two to three weeks later than in the Red River 
Valley. In Saskatchewan, stem rust appears first, as a rule, in the south¬ 
eastern part, and from a few days to two weeks, or more, later than in 
southern Manitoba. Northward and westward, there is a progressive 
delay in the date on w^hich stem rust first appears in the crop. As might 
therefore be expected, the disease usually reaches Alberta later than it 
does western Saskatchewan, and a month or more later than it does southern 
Manitoba. Table 1 gives the dates on which stem rust was first detected 
each year in the field in the three Prairie Provinces from 1926 to 1938. 


Table 1.—Dates on which stem rust of wheat was first 

DETECTED IN THE FIELD IN THE THREE PrAIRIE 

Provinces, from 1926 to 1938 


Year , 

Manitoba 

Saskatchewan 

Alberta 

1926 

1 

fune 30 


[ulv 14 

1 

Aur. 17 

1927 


fuiv 6 


[ulv 17 

Aur. 15 

1928 


[uly 9 


[ulv 20 

Aug. 21 

1929 


fulv 3 


[uly 5 

Aug. 23 

1930 


[une 26 


[ulv 11 

Aug. 10 

1^ 


fuly 5 


[uly 25 

Sept. 5 

1932 


[une 20 


[uly 22 

Aug. 12 

1933 


[unc 28 


[uly 14 

Sept. 8 

1934 


[uly 5 


[uly 16 

Aug. 4 

1935 


[uly 2 


[uly 7 

Aug. 15 

1936 


[une 26 


[uly 3 

Aug. 6 

1937 


[une 28 


[une 28 

St^pt. 3 

1938 


[une 22 


[une 21 

July 29 
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POSSIBLE SOURCES OF INFECTION 

Infected Barberry as a Source of Infection 

The common barberry (Berberis imh^aris L.) is the alternate, or 
secondary, host of stem rust (Fij^ure 2). It is generally regarded as the 
principal source of the disease in areas where the winters are too severe 
to permit the survival of the uredial stage of the organism from one crop 






>■5'. .-.v ■ V 









Figure 2. Common barberry bush, the alternate host of the stem-rust fungus. 
(Courtesy of the United States Department of Agriculture). 

season to the next, although wind-borne spores may be responsible in 
greater or less part for the initial infections in such areas and overwintering 
may occur in a few of them. Most of these areas lie in the north temperate 
zone, and include all or practically all European countries (5, 6, 12, 18, 27, 
60, 77, 80, 87, 90, 100, 109, 116, 120, 121, 126, 145, 177, 178, 181, 182, 185, 



290 


SCIENTIFIC AGRICULTURE 


[Vol. 25 


190, and others), at least some parts of Eastern Asia (86, 173, 183), the 
northern United States (23, 57, 108, 113, 141, 144, 149, 165, 176, 189, 191, 

205, 206, and others), and Canada (41, 95, 99, 146). In many of these 
areas, the eradication of barberry has greatly lessened the amount of infec¬ 
tion from this source (27, 61, 80, 85,*88, 90, 119, 157, 190, 195, 211) and 
apparently in a few others barberry has never become established (68, 183). 
In warmer areas, barberry rarely becomes infected or is largely absent, and 
is consequently of little or no importance in the perpetuation of the disease 
from year to year (1, 30, 48, 72, 112, 113, 127, 131, 134, 138, 160, 161, 163, 

206, 223, 229, 230). Where barberry is present in such areas, infection is 
largely or entirely prevented, apparently because the black spores are 
devitalized by the excessive heat of summer (31, 94, 113, 193, 206). In 
Argentina, barberry species may be of some importance as a source of 
infection (175), but to what extent they play a part in the origin and yearly 
survival of races of stem rust is not known (221). 

In Western Canada, the common barberry was never extensively 
introduced. It was planted as an ornamental shrub in some of the cities 
and a few towns, but, in the country, the number of plantings was very 
limited. Following the epidemic of stem rust in 1916, the three Prairie 
Provinces, particularly Manitoba, commenced (1917) the eradication of 
this shrub, and most of the plantings were destroyed within the next few 
years. An Act passed by the Dominion Government in 1919 forbade the 
distribution and sale of barberry plants in these provinces, and authorized 
the eradication of all plantings. By 1925 the eradication was virtually 
completed (99), and since that time no new plantings have been discovered. 
Nevertheless, since that time three extremely destructive outbreaks of 
stem rust have occurred (1927, 1935, and 1938) and three of moderate 
severity (1925, 1930, and 1937). It would appear, therefore, that local 
barberry plantings were not a principal source of infection in Western 
Canada. In passing, it should be mentioned that, although the number of 
barberries in this area were few in comparison with the number in some 
other areas, those that were present did serve as distribution centers of 
early inoculum, and their eradication has, therefore, removed from the 
localities in which they were present a perennial source of infection. 

Overwintered Rust as a Source of Infection 

It is now quite well established that the stem-rust organism, in the 
absence or non-participation of its alternate host, the common barberry, is 
capable of surviving in the uredial (red) stage from year to year in certain 
parts of the world where climative conditions make the jiersistence of this 
stage possible. In other words, the red stage of the rust is said to over¬ 
winter (or ‘‘over-summer” in certain arests). This stage is known to 
persist throughout the year in Australia (40, 127, 128, 229, 230, 232), 
New Zealand ^), Kenya (30, 114, 217), Tunis (37, 160, 161), Italy (42, 
184, 186), possibly in Portugal (19, 20) and Japan (86), in sub-tropical 
South America (72, 73, 74, 223), and in some districts in the Foothills of 
northern India (131, 132, 134, 135). In North America, it overwinters in 
some of the niilder parts of the United States (85, 113, 189, 192, 193, 195), 
including the Pacific coastal region, some protected mountain valleys, and 
the Gulf States, and in southern and probably in northern Mexico (213). 
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But in other parts of the world where the winters are moderate to severe, 
this stage does not overwinter, or, at least, it overwinters to such a limited 
extent that its survival is a negligible factor in the annual recurrence of the 
disease. This is true of most countries of Europe (8, 55, 56, 59, 68, 75, 
100, 109, 111, 126, 130, 133, 145, 172, 177, 178, 182), the Amur Region in 
Eastern Asia (173, 183), the northern half of the United States (33, 39, 91, 
102, 153, 156, 157, 158, 165, 176, 189, 190, 193) and probably Eastern 
Canada. In the latter area; Fraser (64) found that a very low peicentage 
of urediospores survived the winter in Quebec, but the possibility of stem 
rust overwintering has not been adequately investigated. In passing, it 
may be mentioned that, in certain areas, such as the Plains of India (31, 
131, 132, 134, 135), the persistence of the uredial stage is prevented, not 
by winter conditions but by the intense heat of summer. 

There are three possible ways in which the uredial stage of the stem- 
rust fungus may persist during the period between one crop season and the 
following one. It may persist (a) by successive infections, each new 
generation of spores giving rise to new infections, (b) by dormant mycelium 
in infected host tissue, or (c) by long-lived urediospores. The first possi¬ 
bility presupposes the presence of green susceptible plants and weather 
conditions suitable for infection. As, in Western Canada, the period 
between crop seasons includes five winter months during which all plant 
growth out-of-doors is suspended, there is no possibility of the fungus 
persisting, or overwintering, by means of successive infections. If, there¬ 
fore, the fungus persists, or overwinters, at all, either the mycelium in 
infected plant tissue must be dormant throughout the winter and revive 
sufficiently in the spring to produce a n*ew generation of spores, or uredio¬ 
spores produced in the previous season must remain alive through the 
winter and early spring until new growth of susceptible grass or grain is 
available for them to infect. Unless the fungus can establish new infections 
in the spring or early summer by one of these means, it cannot be said to 
overwinter. 

Possibility of Overwintering by Means of Dormant ^[yceli^m 

The possibility of the uredial stage of stem rust persisting as dormant 
mycelium in host tissue throughout the winter in Western Canada is 
undoubtedly remote. In order that the fungus may survive as dormant 
mycelium, the host tissue that it pervades must itself reniain alive, for, if 
the tissue were to die, the mycelium would be deprived of its source of 
nutrient supply and would die of starvation even though it did succeed in 
surviving the winter in a dormant condition. It w^ould not, therefore, be 
able to develop and produce ureHiospores in the spring. It is by these 
spores alone that infection could spread from overwintered mycelium. 
Actually, at the beginning of winter, there is relatively little living plant 
tissue in which the fungus can have any chance of survival. All cereal 
crops are harvested in late summer or early autumn, and the stubble soon 
afterwards dies. No winter cereals are grown, except a relatively small 
acreage of winter rye in the three provinces, and a little winter wheat in 
southern Alberta. Frosts in late autumn and early winter kill practically 
all the native grass vegetation down to ground level before a covering of 
snow arrives to afford it protection. Only in an occasional sheltered 
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location do the basal leaves of any susceptible grass, such as wild barley 
{Hordeum jubatum L.)» enter the winter in a living condition. The grass 
culms usually ripen and die long before winter sets in. Severe winter 
weather usually prevails from mid-November to early April, during which 
time the ground is continuously frozen and is usually covered with a light 
to moderate blanket of snow. During this period, all plant growth out-of- 
doors is suspended. No new grass vegetation appears until about the 
beginning of May, and, by the end of May, the spring-sown grain is little 
more than above ground. 

Conditions between crop seasons are, therefore, wholly adverse to the 
survival of the rust during that period. As a rule, the earliest infections 
to appear in the new crop occur on wheat. If overwintering were to occur 
in winter rye, it would be expected that the first infections would appear on 
that crop or on nearby couch grass {Agropyron repens a grass susceptible 
to rye stem rust. But this is not known to occur. Even if the mycelium 
were to persist in rye, infection could not spread from rye to wheat, as rye 
stem rust does not infect wheat. Overwintered mycelium in winter wheat 
in southern Alberta cannot be the source of early infection, as stem rust 
never appears there until late in the season, a month or more after it is 
present in the Red River Valley in Manitoba, 600 or 700 hundred miles 
distant. 

Possibility of Overwintering by Means of Urediospores 

How long urediospores can remain viable appears to depend a good 
deal on the conditions to which they are subjected after they arc produced. 
DeBary (51) found that urediospores, when stored in the laboratory, lost 
their ability to germinate within 2 months. Schaffnit (180) obtained 
similar results with spores stored in the laboratory or out-of-doors in a 
sheltered location. In tests made by jaezewski (100), spores collected on 
July 25 ceased to germinate 14 days later. When fresh spores, obtained 
artificially in October and November, were exposed to outvside temperatures, 
germination ceased within 6 days. Sibilia (184) failed to obtain germina¬ 
tion in urediospores after they were in storage for 20 or 22 days. From 
extensive tests, Hwang (97) came to the conclusion that the majority of 
urediospores in the air lose their vitality in from 12 to 14 clays. Mehta 
(13) kept urediospores, which were produced in the greenhouse, in cold 
storage at a temperature of from 11.7° to 18° F. below the freezing point 
and found that, after 24 hours, less than 10% of them were capable of 
germination, and that after from 4 to 7 days none of them was germinable. 
Eriksson and Henning (59) found that, urediospores stored in the open air 
during winter soon lose their power to germinate, but that unrediospores on 
straw stored in a room or laboratory, and thus protected from the vicissi¬ 
tudes of the weather, may retain their viability throughout the winter, a 
low percentage of such spores being capable of germination as late as May 
in the following^^ring. Pritchard (165) made various dispositions, both 
in the open and under cover, of sheaves of rusted straw that had stood in 
stook in the field until late autumn. By the end of September, germination 
was reduced to 2% and, by the middle of November, it had completely 
ceased. From the foregoing results, it would appear that, in urediospores, 
prolonged retention of viability is not generally the rule and that the period 
of viability may be markedly reduced by low temperatures. 
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Under constant environmental conditions, if they are at all favourable, 
urediospores may remain viable much longer than indicated above. Peltier 
(ISO, 152) stored urediospores under conditions of different constant 
temperatures and relative humidities and found that the longevity of the 
spQres depended greatly on the combined influence of temperature and 
humidity. At the end of one year, he (152) obtained 30% germination in 
spores kept at a temperature of 41° F. and a relative humidity of 49%. 
At all humidities used, the longevity of the spores decreased as the tempera¬ 
ture increased, and at all temperatures the spores remained viable longest 
at medium humidities. Raeder and Bever (168) found that the uredio¬ 
spores of stem rust retained their viability longer than those of stripe rust 
or of leaf rust of wheat, being viable at a relative humidity of 49% and at a 
temperature of from 48.2° to 55.4° F. for 128 days. In the laboratory, it 
has now become common practice to store urediospores of stem rust at a 
temperature of about 40° F. and a relative humidity of about 50%. Under 
these conditions, a high percentage of the spores remain viable for from 6 
to 9 months. 

The chances of urediospores surviving the winter in Western Canada 
are probably greatest for those spores that are p)roduced late in the season. 
Such spores have at least the advantage that they are younger than those 
produced earlier and are exposed a shorter time to the vicissitudes of the 
weather. Moreover, if they are produced shortly before temperatures 
become too cool to permit spore production, they are probably better 
adapted to withstand low temperatures that occur before snow arriv'es to 
protect them. Melander (137) showed that urediospores that had been 
hardened by exposure for 10 days to temperatures just abov’e the freezing 
point withstx)od exposures to temperatures of from —20° to —40° V, better 
than non-hardened spores, although very few spores of either class were 
able to survive long exposure to such low temperatures. Air temperatures 
of this order are not infreciuent in Western Canada during the winter. 
Dry snow, however, is an effective insulator and, on da\’s when such tem¬ 
peratures prevail, the tempxwature under a snow cover of 12 inches or 
more may be from 20° to 30° F. higher than the air temperature. At 
W^innipeg, in 1932, Thomson (216) found that, during January and 
February, the mean temperature of the surface soil under a snow cover 
was approximately 20° F., while on a few days during that period the air 
temperature dropped to —30° h". Under a cover of snov the spores are, 
therefore, afforded a considerable dt'gree of protection from e.xtremely low 
temperatures. 

The critical periods for the spores are apparently early winter, before 
a snow cover is present, and late inter, after it has disappeared. During 
both these periods in Western C'anada frostvs and thaws may occur. 
Roussakov (172) pointed out that a cover of snow on frozen ground favoured 
overwintering but that light snow and thaws tended to prevent it. Lambert 
(113) expressed the opinion that, although urediospores may remain viable 
in the Upper Mississippi Valley throughout the winter, they are killed in 
the spring at the time of alternate freezing and thawing, as the spores, 
when moist, will germinate at temperatures below those at which infection 
can take place. The germ-tubes presumably either wither or are destroyed 
by frost. 
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It is possible, at least in some years, for urediospores to remain viable 
until late winter or early spring in the Upper Mississippi Valley and Western 
Canada. Bolley and Pritchard (24) found viable spores of stem rust on 
grass hosts frozen in ice in North Dakota in March, and Freeman and 
Johnson (67) found that in the winter of 1906-07 spores remained viable 
under snow at St. Paul, Minnesota, as late as the middle of April. In 
Manitoba, Jackson (98) collected germinable urediospores, usually from 
under snOw, from October 15, 1919, to the middle of March in the following 
spring. 

For several years, Fraser (66) made collections of urediospores from 
straw and dead grass in the spring. Most of these collections were made 
in northern Saskatchewan. Each spring, he found at least one collection 
that contained viable spores, but the proportion of such spores was usually 
low, about 1 or 2%; they were usually found beneath the leaf sheaths or 
glumes of the plants. The number of collections with viable spores was 
higher in 1922 than in the other years. In two of these collections made 
at Rosthern on April 24 and May 2, spores germinated to the extent of 
6% and 10%, respectively. Spores from each collection were used to 
inoculate wheat seedlings, with the result that each collection gave rise to 
two infections, which developed into normal pustules. In the spring of 
1929, Simmonds** made germination tests of urediospores collected on and 
beneath the leaf sheaths of wheat stems in a sheaf and in a straw pile that 
had been exposed to weather conditions throughout the preceding winter 
in the vicinity of Saskatoon. The collections were made on March 30, 
April 8, 16, 25, and May 4, the spores being taken from beneath leaf sheaths 
as well as from their outer surface. Eight collections gave positive, 9 gave 
negative results. In 6 of the 8 collections, there was little more than a 
trace of germination (0.1 to 0.3%). In the other two, made on March 30 
and April 25, the percentage germination was 1.2% and 4.8%, respectively. 

In the vicinity of Winnipeg, the usual experience is that urediospores 
on exposed surfaces of plants lose their viability before the severe winter 
weather sets in. This is particularly true of spores produced on plants 
that mature during the regular growing season. It is true also in some 
years, but not in all, of spores produced on very late sown experimental 
plots that are still green at the beginning of winter. In most years, spores 
on such plants lose their germinability completely by the middle of Novem¬ 
ber, although, exceptionally, the majority of them may remain viable for 
a month later, and upwards of 10 to 15% as late as the beginning of the 
new year. In such cases, viability is largely or entirely lost by the end of 
January. 

Spores produced in pustules beneath the leaf sheath of plants appear 
to have a much better chance of survival than those on exposed surfaces, 
for it is such spores that retain their viability longest, even in occasional 
years until late wjjfter. By that time, however, traces only of germination 
have ever been found out-of-doors, and these only in extremely rate 
instances. Occasional collections of urediospores taken from beneath the 
sheaths of straw stored in sheaves in the laboratory barn have contained a 
trace of germinable spores as late as the first week of April, but not beyond 
that time. In one large pustule found beneath the leaf sheath of a wheat 

* Unpublished data of Dr. P. M. Simmonds, Dominion Laboratory of Plant Pathology. Saskatoon. Sask. 
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plant, approximately 30% of the spores were found viable at the end of 
February. Part of this spore collection produced satisfactory infection on 
wheat seedlings. It would seem that, both under field conditions and 
under ordinary storage conditions in the vicinity of Winnipeg, urediospores 
of stem rust lose all viability before the beginning of May. At any rate, 
numerous germination tests on field collections of urediospores have been 
made at Winnipeg over a period of years during the first two weeks of 
May, but in no case have viable spores been found. 

It must be admitted that the collections of spores tested for germina¬ 
tion were made in a limited area, and the number of spores involved in the 
tests represented only an infinitesimal proportion of the number present in 
that area at the beginning of winter in any given year. Consequently, it 
would be hazardous to say that even here or elsewhere in Western Canada 
urediospores never survive later than the first week of May. 

Probably the most likely place for the long survival of urediospores 
would be in stooks or stacks of unthreshed grain left in the field all winter. 
During the present investigation, a favourable opportunity was presented 
once for observing the result of having vast numbers of spores, produced in 
the previous year, liberated into the atmosphere during early summer. 
This happened in 1928.' A severe epidemic occurred in 1927, and, as there 
was much rainfall during the summer and autumn, the crop matured 
exceptionally late, and harvesting was much delayed, so that in many 
areas a considerable amount of grain was left unthreshed in stook or in 
stack in the field during the winter. When seeding was finished in the 
following spring, threshing operations were resumed, and consequently 
many urediospores were thus liberated into the air during late May and 
early June. For example, slides exposed in south-eastern Saskatchewan 
indicated that there was a very considerable number of spores present at 
that time. Moisture conditions were favourable for infection, although 
the temperature in June was 2 or 3 degrees below normal, averaging about 
57° F. . This is too low a temperature for rapid rust development, but not 
too low for infection and slow rust development. It would be expected 
that, if infections did occur during late May and the first half of June and 
their development was retarded by the cool weather, they would have 
given rise to pustules when warmer weather arrived in late June and early 
July. Field infections might, therefore, have been expected to appear in 
this year as early as usual, or even earlier. Actually, however, the first 
infections appeared in the field later than usual, on July 9 in Manitoba and 
not until July 20 in Saskatchewan, a circumstance clearly due to the lack 
of viable inoculum in the early part of .summer. 

Infections of Doubtful Origin 

It is true that one or two instances are known of stem rust being found 
present on a few wheat plants growing far distant from any other known 
field infections. The inference would naturally be that these infections 
had their origin in overwintered stem rust. One such case was found by 
Dr. G. B. Sanford at Rosthern, Sask., on July 18, 1926. Secondary^ 
infections were present, so that probably the initial infection occurred 
about the first of July. Stem rust was first found in southern Manitoba 
on June 30 and in south-eastern Saskatchewan on July 14. A careful 
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search for infections on grasses growing in the vicinity of Rosthern was 
made by Dr. Sanford, but none was found. As wind-borne spores were 
present during the last week of June in south-eastern Saskatchewan, there 
is the bare possibility that some of these spores were carried as far north 
as Rosthern, although none were detected at that time on the slides exposed 
at Saskatoon, about 40 miles farther south. If that happened, such spores 
were probably responsible for the initial infection. A light rain fell in 
northern Saskatchewan on June 28, so that conditions for spore germination 
were probably more favourable there than in southern Saskatchewan where 
the weather during the last week of June was warm and dry. Whatever 
may be the correct conclusion concerning this case, and one or two other 
doubtful ones, the evidence is not conclusive that the rust overwintered. 

Actually, the survival of urediospores during the winter is of no 
significance with respect to the overwintering of stem rust unless the spores 
remain viable far enough into the spring to permit infection in the new 
growth of grasses or in the young cereal plants. If overwintering of stem 
rust does occur, one would expect to find infections on susceptible grasses 
earlier in the season than on cereal crops; for, with the grasses, the new 
growth occurs in immediate proximity to the plants on which the disease 
was present in the previous year and in or on which the fungus might be 
expected to overwinter. Furthermore, new growth usually appears earlier 
in the grasses than in the cereals, and hence presents an opportunity for 
earlier infection. It is, therefore, rather surprising that, although during 
the last 21 or 22 years careful observations have been made on grasses in 
Western Canada by different workers, infection has scarcely ever been found 
on them earlier than on cereals, and never under circumstances which 
would give grounds for the suspicion that the infections arovse as a result of 
the overwintering of the fungus. From a consideration of the evidence 
available, it must be concluded that overwintering is not a significant 
factor in Western Canada in the initiation of stem-rust infections in cereal 
crops, although the possibility of some infections arising from this .source 
in an occasional year cannot be categorically denied. 

W^ind-Borne Spores as a Source of Infection 

The importance of wind-borne^ spores in the initiation of stem-rust 
epidemics is now well established for certain cereal-producing areas. In 
such areas as the Amur region in Eastern Asia (183), the Plains of India 
(31, 131, 132, 134, 135), and the Cape Province, South Africa (223), where 
stem rust is not known to survive in its uredial stage from ydar to year and 
susceptible species of barberry are not present, initial infections are 
dependent entirely on wind-borne spores. Probably the same is true of 
Egypt (138, 163). In areas where susceptible species of barberry are 
present, there is ^^ays some difficulty in determining to what extent 
wind-borne spores—as opposed to spores produced on barberry locally—are 
responsible for early infections, or how much infected barberry contributes 
to the development of an epidemic. Such an area is the Upper Mississippi 
Valley in the United States. There is considerable evidence that here, in 
some years at least, inoculum is carried by air currents from southern to 

* The diasemination of rust spores is, under natural conditions, almost wholly by winds, or air currents, 
lo that practically all spores mi^t be designated as wind-borne; but, in this paper, the term is applied to 
spores that are transported by winds, or air currents, relatively long distances. 
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northern States (67, 93, 94, 113, 156, 157, 158, 192, 193, 195, 198, 209, 226). 
Apparently in early summer there is the possibility that upper air currents 
(4,000 feet elevation) over the United States may carry spores from New 
York, Pennsylvania, and other eastern States to Texas, Oklahoma, and 
Kansas, as well as from the latter States northward and eastward (93). 
It appears that, in South-eastern and Central h^urope, also, there is, in 
addition to inoculum from barberry, a northward drift of inoculum, at least 
in some years, and outbreaks of stem rust have been attributed, in part at 
least, to wind-borne spores (12, 69, 178, 179, 181, 182, 187). Even in 
Australia, a country in which stem rust survives in the uredial stage from 
year to year, there,is a drift of spores from the earlier, more northerly grain¬ 
growing areas to the later areas further south (232). A review of the litera¬ 
ture relative to the aerial distribution of Puccinia ^raminis and other plant 
pathogens is given in a previous paper (45). 

To gain information as to the part that wind-borne spores play in the 
initiation and subsequent spread of stem rust in Western Canada, a study 
was undertaken to ascertain the relative prevalence of spores in the air at 
different points during the summer months. For this purpose, use was 
made of glass slides exposed near ground level and during aeroplane flights. 
If stem-rust spores could be detected in the air at least a week or two earlier 
than infections occurred in the field, there would be, in the absence of any 
known local source of inoculum, strong circumstantial evidence that the 
early infections at least were caused by wind-borne spores. 

Evidence of Stationary Slide Exposures'^ 

The exposure of glass slides or Petri dishes, or the use of special devices 
to detect micro-organisms in the air has been resorted to at one time or 
another by different investigators. Owing to the facility with which they 
can be expo.sed and examined, glass slides have been min h used. As early 
as 1882, Ward (228), in his study of the coffee rust, expovsed .slides coated 
with vaseline; and, in 1886, Millardet, according to Ducomet (54), exposed 
slides smeared with oil, and found that within a period of 24 hours as high 
as 32,000 mildew .spores fell on 1 square decimeter of surface. Much 
information concerning the spread of cereal rusts has been procured by 
means of the slide-exposure method, particularly by Stakman and others 
associated with him (192, 193, 196, 202, 203) in epidemiological studies of 
stem rust in the Mississippi Valley, and by Shitikova-Roussakova (183) in 
the Amur Region of Eastern A.sia. Others (2, 38, 67, 72, 100, 110) have 
adopted different devices to detect rust spores in the air. 

In the* present study, microscope slides smeared on one side with 
vaseline were exposed in a weather-vane type of spore-trap (Figure 3) at 
selected stations in each of the three Prairie Provinces. After exposure, 
the slides exposed in Saskatchewan and Alberta were returned to the 
Saskatoon Laboratory, and those exposed in Manitoba to the Winnipeg 
Laboratory, where they were examined under the microscope (Figure 4) 
and a record was made of the number of spores present on 1 square inch 
of slide surface. At some stations the slides were exposed for 24 hours, at 
others for 48 hours, and at two or three others for a somewhat longer time. 

• This phase of the work was a co-oj^rative study carried on by the Dominion Laboratory of Plant 
Pathology, Saskatoon, Sask., and the Dominion Laboratoryof Plant Pathology, Winnipeg, Man. 
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Figure 3. Stationary spore-trap, consisting of a galvanized sheet-iron case with 
sliding top and weather-vane tail, supported on a short iron shaft about which the 
trap can freely rotate. The slide is held in a vertical position, approximately equi¬ 
distant between the top and bottom, by means of two U-shaped fixtures, one of which 
is soldered to either side of the trap. 



Figure 4. Urediospores of stem rust on a vaselined slide that Was exposed in a 
stationary spore-trap for 24 hours at Winnipeg during the height of the 1935 stem-rust 
epidemic. Magnification, 120 app. 

At most of the scions the exposures were begun on June 1, but at some, 
particularly in ^roerta, where stem-rust infection appears late in the 
season, exposures did not commence until July IS. As a rule, the exposures 
were discontinued at the end of August. From 1926 to 1929, exposures 
were made at 5 stations in each province, but after 1929 the number of 
stations was reduced. Those at which exposures were made each year 
during the whole period 1926-1938 are as follows; Mordeil, Winnipeg, 
Brandon, in Manitoba; Indian Head and Saskatoon, in Saskatchewan; 
and Edmonton, in Alberta (Figure 1). 
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Table 2.—Number of stem rust urediospores intercepted each 2-day period by 1 

SQUARE inch SURFACE OF GLASS SLIDE EXPOSED AT MORDEN, WINNIPEG, AND BrANDON, 
Man., AND Indian Head and Saskatoon, Sask., from June 11 to July 
20 EACH year, except 1936, FROM 1926 TO 1938 
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1 

0 

0 

1 

0 

0 

0 

1 

0 

o! 1 

T 

July 4 

0 

2 

0 

0 

0 

13 

38 

9 

0 

36 

0 

() 

1 

0 

4 

0 

1 

2 


! 0 

0 

July 6 

0 

1 

() 

1 

0 

7 

22 

0 

0 

2 

0 

01 

0 


2 

0 

4 

o; 1 

4 

July 8 

0 

4 

6 

2 

0 

0 

18 

36 

0 

0 

0 


1 

0 

7 

0 

3 

1 

: 16 

1 

July 10 

1 

1 

0 

1 

0 

8 

0 

- 

0 

0 

0 


j 

2 

0 

2 

3 

481 

(J 

1 ^ 

2 

July 12 

3 

2 

0 

1 

0 

0 

4 

- 

0 

2 

0 

; 

0 

6 

0 

1 

283 

c 

1 

3 

July 14 

64 

24 

0 

1 

0 

5 

3 

22 

u 

0 

0 

i 

3 

8 

1 

2 

31 

o: 2 


July 16 

152 

5 

0 

8 

1 

7 

1 

7 

0 

0 

0 

0 

0 

8 

7 

3 

117 

o| 4 

2 

July 18 

980 

15 

4 

1 

3 

0 

10 

3 

1 

0 

1 

4 

1 

2 

3 

11 

3 

37 

5 

6 

1 

July 20 

945 

0 

1 

7 

2 

9 

254 

2 

15 

0 

2 

j t 


5 

8 

3 

199 

2983 

j 261 22 




1930 


’ 1931 




1932 



1933 

June 12 

0 

0 

0 

0 

0 

1 

0 

0 

3 

0 

0 

0' 

'■! 


0 

(} 

•! 

2 

0; 

0 

(1 

June 14 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

3 


5 

0 

0 

0 

0' 


0 

0 

June 16 

0 

1 

0 

0 

0 

0 

2 

3 

0 

0 

2 

•V 

3 

0 

0 

0 

0 

0; 

0 

0 

June 18 

0 

1 

0 

0 

() 

0 

1 

(1 

0 

0 

3 

0 

9 

0 

0 

0 

0 

1 

0' 

0 

0 

June 20 

1 

1 

0 

0 

0 

0 

0 

1 

0 

0 

1 

t) 

4 

0 

0 

0 

0 

ol 

0 

0 

June 22 

0 

1 

1 

0 

0 

1 

1 

7 

0 

0 

1 

1 

3 

0 

0 

0 

0 

0 

20 

2 

June 24 

0 

2 

0 

0 

0 

0 

0 

9 

0 

0 

1 

1 

1 

0 


0 

1 

0 

0 

0 

June 20 

0 

0 

0 

0 

0 

3 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

June 28 

2 

0 

1 

0 

0 

5 

2 

7 

0 

0 

1 

0 

1 

0 

0 

2 

2 

0 

4 

0 

June 30 

1 

0 

1 

0 

0 

0 

2 

2 

0 

0 

4 

1 

0 

0 

0 

1 

0 

0 

0 

8 

4 

July 2 

0 

9 

6 

11 

4 


0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

July 4 

0 

7| 

15 

4 

0 

2 

0 

0 

' 0 

0 

1 

0 

1 

0 

0 

0; 

i 0 

2 

0 

0 

July 6 

1 

0 

0 

7 

0 

0 

0 

8| 

0 

0 

1 0 

0 

8 

1 

0 

0 

0 

0 

0 

0 

July 8 

7 

8 

- 

l| 

3 

0 

3 

0 

0 

0 

•« 

si 

12 

1 

2 

0 


2 

4 

0 

July 10 

0 

5 

0 

] 

101 

22 

21 

9 

oi 

0 

Oi 

1 

4 

0 

2 

1 

0 

1 

4 

0 

July 12 

111 

8 

- 

9 

2 

39 

0 


0 

0 

4 

10 

1 


0 

2 

2 

0 

4 

0 

July 14 

22 

178 

1 

28 

6 

36 

2 

1 

0 

0 

59 

3 

7 

9 

15 

2 

2 

0 

0 

0 

July 16 

171 

659 

74 

19 

0 

- 

8 

11 

0 

0 

8 

4 

8 

0 

0 

0 

1 


0 

0 

July 18 

92 

7 

1 

18 

1 

207 

0 

2 

61 

0 

271 

22 

1095 

94 

0 

2 

5 


0 

0 

July 20 

- 

32 

112 

168 

0 

27 

9 

10 

11 

11 

117 

93 

18 

22 

0 

20 

1U 

1 " 

0 

0 


• In 1927, the slides were exposed at KiJIarney. Man., up to July 8. and at Brandon from July 13. onward. 
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Table 2.—Number of stem rust urediospores intercepted each 2-day period by 1 

SQUARE inch SURFACE OF GLASS SLIDE EXPOSED AT MoRDEN, WINNIPEG, AND BrANDON, 

Man., and Indian Head and Saskatoon, Sask., from June 11 to July 20 
each year, except 1936, from 1926 to 1938— Concluded 


— 

1934 

1935 

1937 

1938 

Morden 

.?• 

C 

c 

s 

Brandon 

Indian Head 

Saskatoon 

Morden 

Winnipeg 

Brandon 

Indian Head 

Saskatoon 

Morden 

Winnipeg 

Brandon 

Indian Head 

Saskaioon 

Morden 

Winnipeg 

Brandon 

Indian Head 

Saskatoon 

June 12 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

4! 

0 

0 

0 

1 

0 

1 

0 

0 

June 14 

0 

0 

1 


0 

0 


0 

0 


0 

1 

0 

0 

0 

29 


8 

0 

0 

June 16 

0 

0 

0 

0 

0 

0 

0 

0 

0 

ol 

0 

2 

1 

0 

0 

18 

0 

0 

0 

0 

June 18 

0 

2 

0 

qI 

0 

0 

0 

2 

0 

0 

1 

2 

0 

0 

0 

29 

0 

0 

0 

0 

June 20 

0 

2 

u 

0 

0 

0 

0 

0 

0 

0 

1 

2 

0 

0 

0 

43 

18 

9 

0 

0 

June 22 

0 

3 

1 

0 

0 

0 

0 

0 

0 

0 

2 

8 

7 

0 

0 

3 

10 

0 

0 

0 

June 24 

0 

0 

0 

0 

0 

22 

249 

6 

0 

0 

2 

13 

_ 

0 

0 

10 

0 

2 

0 

0 

June 26 

0 

2 

0 

0 

0 

6 

52 

3 

0 

0 

0 

2 

- 

0 

0 

1 

1 

2 

0 

36 

June 28 

0 

1 

0 

0 

0 

0 

10 

0 

12 

0 

0 

1 

0 

0 

0 

18 

86 

17 

84 

0 

Jifne 30 

0 

0 

0 

0 

0 

84 

54 

31 

12 

0 

2 

0 

0 

0 

0 

59 

328 

2 

4 

0 

July 2 

0 

0 

0 

0 

0 

61 

29 

22 

0 

! 0 

0 

0 

1 

0 

0 

25 

5 

7 

1 12 

0 

July 4 

0 

0 

1 

0 

. 0 

9 

19 

7 

0 

I « 

18 

1 

- 

24 

0 

23 

0 

2 

0 

- 

July 6 

3 

0 

0 

0 

0 

4 

5 

0 

i 

0 

no 

190 

80 

0 

0 

14 

4 

5 


12 

July 8 

13 

15 

16 

9 

0 

11 

1 

0 

0 

0 

10 

3 

1 

0 

■ 4 

580 

3 

81 

126 

0 

July 10 

0 

3 

10 

5 

0 

33 

3 

23 

0 

0 

125 

82 

3 

5 

15 

900 

140 

224 

432 

i 0 

July 12 

6 

1 

0 

0 

0 

195 

15 

23 

n 

0 

170 

0 

4 

32 

0 

6120 

247 

430 

1204 

80 

July 14 

8 

9 

2 

0 

0 

- 

13 

9 

10 

0 

100 

13 

48 

0 

0 

9420 

113 

395 

810 

160 

July 16 

64 

4 

2 

58 

8 

- 

1175 

16 

7 

6 

8 

2 

38 

48 

0 

3540 

390 

360 

1015 

0 

July 18 

36 

1086 

7 

11 

0 

- 

385 

73 

21 

4 

3300 

44 

210 

0 

0 

810 

880 

490 

1524 

50 

July 20 

17 

1 

3 

47 

29 

3620 

504 

595 

450 

5 

6000 

232 

630 

0 

0 

146 

200 

595 

72 

4230 


* In 1927, the slides were exposed at Killarney, Man., up to July 8, and at Brandon from July 13, onward. 


No one needs to be reminded that “the wind bloweth where it listeth,” 
and, as a consequence, no great regularity could be expected with respect 
to time and place of the first appearance and number of spores on the 
slides. Moreover, the location of the station, whether in a depression or 
in an exposed area, and the actual location of the spore-trap at the station, 
no doubt influenced to some extent the number of spores that came into 
contact with the slides. Furthermore, it is almost too much to expect that 
a small glass slide would detect the first spores to arrive in any district. 
On the assumption that spores in the first 1,000 feet of atmosphere are 
uniformly distribqted, the presence of 1 spore on 1 square inch of slide 
exposed for 24 hours would indicate that somewhat more than 760,000,000 
spores had passed through a vertical plane extending laterally 1 mile and 
to a height of itfoo feet. The fact, however, that 1 spore on a slide may 
indicate the presence of such a large number in the atmosphere gives added 
significance to the low number of spores on some of the slides (Table 2). 
With a lesser number of spores present, a slide might or might not detect 
them. At best, therefore, the data furnished by the slides can only be 
regarded as an indication of the relative number of spores present and an 
index, possibly, of the dates on which the number was iii excess of the 
minimum usually necessary for detection. For the same reason, the dates 
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on which 1 or more spores were first detected by slides exposed at different 
stations do not necessarily indicate the earliest dates on which spores were 
present in the atmosphere over the districts represented by the stations. 

Number of Spores Intercepted, Data collected during the 13-year 
period 1926 to 1938 on the daily number of spores intercepted, if presented 
with any degree of completeness, would occupy an undue amount of space, 
and no very satisfactory scheme has been found of summarizing them in 
the form of a table. A part of the data is contained in Table 2, which 
gives the number of urediospores of stem rust per square inch intercepted 
each 2-day period by slides exposed at Morden, Winnipeg, and Brandon, 
in Manitoba, and Indian Head and Saskatoon, in Saskatchewan, between 
June 11 and July 20 for the period 1926-1938 (except 1936, a light rust year, 
which is omitted to conserve space). As at Kdmonton practically no 
spores were intercepted by the slides exposed before July 20, the results for 
that station are omitted entirely. The interval from June 11 to July 20 
was selected for the reason that before June 11 very few spores were inter¬ 
cepted by the slides at any of the stations and after July 20 locally produced 
spores were usually becoming so plentiful, particularly in southern Mani¬ 
toba, as to cause an appreciable increase in the number of spores intercepted 
by the slides, and thus to obscure evidence of low to moderate influxes of 
wind-borne spores. It is not proposed to discuss at this point the data 
presented in 'Fable 2, as these data will be drawn upon in different parts of 
the subsequent discussion. Attention, however, may be called to the 
occasional sudden increases in the number of spores intercepted by the 
slides at one or more of the stations, followed usually within 2 or 3 days by 
an equally sudden decrease. These sudden increases in the spore popula¬ 
tion of the atmosphere constitute the so-called “spore showers,” and they 
have an intimate relation to the development of stem rust in the areas 
where they occur. 

Viability of Early Spores. In regard to the viability of the early 
arriving spores, it may be said that any spores intercepted during the first 
week of June in any year were generally somewhat bleached in appearance, 
and failed to germinate when the slides bearing them were placed under 
conditions favourable for germination. There is not much likelihood that 
such spores were capable of causing infection, although it should be men¬ 
tioned that germination tests of viable-looking spores somewhat later in 
the season were not very successful, probably because the spores became 
embedded in the vaseline—a circumstance that prevented their contact 
with water when they \vere placed in a saturated atmosphere, h'rom time 
to time, however, germination was secured; and, in fact, occasionally during 
humid weather, the spores on seme slides germinated while the slides were 
yet exposed. 

To remove any uncertainty as to the viability of spores found in the 
atmosphere before infections appeared in the field during the later years 
of the investigation, a different method was adopted. An attachment, 
which accommodated and held firmly the bottom of a Petri dish, was 
fastened to an automobile in such a manner as to hold the Petri dish bottom 
in a vertical position and facing in the same direction as the automobile. 
When a survey trip during the latter part of June was to be made, a thin 
fresh layer of plain agar was poured over the bottoms of several dishes and 
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the covers replaced. The dishes were taken along on the trip, and from 
time to time one of them was exposed by removing the cover and fixing the 
bottom to the attachment. Not infrequently the spores germinated before 
the dishes could be brought back to the laboratory and examined. The 
results obtained by this method showed clearly that, from 1931 to 1938, 
viable spores were present in Manitoba for a week or two each year before 
any infections occurred in the field. 

Relation of Data to Pattern of Rust Development in the Field, In spite 
of the evident limitations of the slide-exposure method, the data obtained 
through the exposure bear a generally recognizable relationship, at least in 
most years, to the broad pattern of stem-rust development and spread in 
different parts of Western Canada. For instance, it will be seen from 
Table 3 that spores in detectable concentrations were present at Morden 
and Winnipeg, Man., usually earlier than at Indian Head, Sask., always 
considerably earlier than at Saskatoon, Sask., and generally a month or 
more earlier than at Edmonton, Alta. It will be recalled (Table 1) that a 
similar westward lag occurred in the first appearance of field infection. 
Infections appear on the crops in southern Manitoba from a few days to 
upwards of a month earlier than in .Saskatchewan, and from a month to 
two months earlier than in Alberta. 

Furthermore, a comparison of Tables 1 and 3 will show that, as a 
rule, stem-rust urediospores were present in the atmosphere at the different 
stations in Manitoba and Saskatchewan from a few days to a week or 
more before any infections occurred in the field, and in Alberta generally for 
a much longer time. The two or three evident exceptions can be explained 
by the fact that, in Table 1, the dates on which the first infections appeared 
in a province apply to the province as a whole, no matter where the infec¬ 
tions occurred. For example, in 1926, the first infections on wheat in 
Alberta appeared on August 17 but spores were not detected by the slides 
exposed at Edmonton until August 24. However, slides exposed at 
Lethbridge and Olds, Alta., detected spores on August 10 and 13, respec¬ 
tively, so that spores were present in the province at least a week before 
any infections were found in the field. Or again, in 1938, the spore shower 
that occurred in Manitoba on June 13 and 14 reached the eastern margin 
of Saskatchewan but did not extend as far west as Indian Head. No spores 
were intercepted at that station until towards the end of June, but infections 
appeared along the eastern edge of the province as early as June 21. 
Infections were, therefore, present in the crop about a week before spores 
were intercepted by the slides exposed at Indian Head. Apparently, 
however, the slides exposed at Indian Head in 1937 failed to detect spores 
in the air befTO infections appeared in the field, for a few infections were 
found at that station on June 28, but no spores were detected by the slides 
until July 4. Spores, however, were present in the air over Manitoba 
considerably earlier, for a well defined spore shower occurred on June 13 
and 14. This seems to be the only instance where, in a particular locality, 
the slides failed to detect the presence of spores before infection appeared 
in the field. 
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Table 3.—Dates on which stem-rust spores were first detected on slides exposed 
AT Morden, Winnipeg, Indian Head, Saskatoon, and 
Edmonton, from 1926 to 1938 


Year 

Morden 

Winnipejr 

Indian 

1 

Head 

Saskatoon 

Edmonton 

1926 

June 

4 

June 

5 

June 

24 

Julv 

16 

Aug. 

24 

1927 

June 

25 

J une 

1 

June 

19 

June 

17 

Aug. 

3 

1928 

June 

5 i 

June 

6 i 

June 

2 

June 

16 

July 

20 

1929 

June 

16 

June 

7 ! 

June 

12 ‘ 

June 

4 

Julv 

23 

19.30 

June 

6 

June 

9 

Julv 

1 

Julv 

1 

Julv 

27 

1931 

June 

6 

J une 

9 

July 

17 

Julv 

19 

Julv 

18 

1932 

June 

7 

J une 

3 

July 

5 

July 

7 

July 

27 

1933 

June 

28 

June 

12 

June 

29 

June 

21 

Aug. 

11 

1934 

July 

7 

June 

10 1 

July 

7 1 

July 

14 

July 

29 

1935 

June 

6 

June 

19 ! 

June 

26 ; 

July 

17 

Aug. 

4 

1936 

June 

2 

June 

3 ! 

June 

1 

1 June 

23 

July 

20 

1937 

June 

9 

June 

1 1 

July 

4 

July 

8 

Aug. 

9 

1938 

June 

3 

J une 

1 

J une 

28 

June 

26 

July 

15* 


• Spores were present on the first slide exposed (July 15). 


It would not be expected that the earliest arrivin<( spores generally 
produced infections. As a mailer of fact, in some years, as much as three 
or four weeks elapvsed between the first trace of spores on the slides and the 
earliest occurrence of field infections. The occurrence of infection, of 
course, depends on the viability of the spores themselves and on weather 
conditions after their arrival. How soon, after infection takes place, 
pustules appear on the plants depends largely on subsequent temperature 
and light conditions. It is imjirobable that the stage of crop maturity 
influences the course of rust development. These aspects will be considered 
in later sections of this paper. What is worthy of notice here is that, in 
every year of the investigation, spores were almost invariably present on 
the slides exposed in each of the three provinces before any infections could 
be found on the crops or native grasses. It is, therefore, reasonable to 
conclude that the wind-borne spores were responsible for the infections. 

Long-Distance Spore Dissemination. From the slide-exposure studies, 
many instances could be cited of the long-distance dissemination of stem- 
rust spores, but two or three will suffice. In H)27, the slide exposed at 
Beaver Lodge in the Peace River Valley, Alberta, during the week ending 
July 28 intercepted 3 urediospores per square inch. No spores were found 
for the next two weeks, but the slide exposed during the week ending August 
18 intercepted 77 spores per square inch. Up to 1927, stem rust was 
unknown in the Peace River Valley, and it was not rep)oried again until 
1938. It is, therefore, most improbable that these spores were of local 
origin. Rather would it appear that they had come from areas quite far 
distant. Field infections only began to appear in the vicinity of Kdmonton 
after the middle of August, and, at the end of July, were largely confined 
to eastern Saskatchewan, so that the spores found at the end of July at 
Beaver Lodge probably did not originate nearer than eastern Saskatchewan 
or the International Boundary, and those found at the middle of August, 
nearer than western Saskatchewan, distances, respectively, of at least 700 
and 300 miles. 
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In 1929 a heavy spore shower occurred during June 16 and 17 in 
southern Manitoba. It was heavier at Morden and Winnipeg in the 
eastern part of the province than at Brandon in the western part, and it 
did not extend as far west as Indian Head and Saskatoon. No infection 
was present in Western Canada, and, according to information received 
from the United States Department of Agriculture, the northern limit of 
stem-rust infection in the Mississippi Valley on those dates can be indicated 
by a curved line passing through central Colorado, northeastwardly through 
Nebraska into south-eastern South Dakota, and thence south-eastwardly 
into central Illinois. Only traces of stem rust were present along this 
northern boundary. At Winnipeg, however, the slide exposed on June 16 
intercepted 133 spores and the slide exposed on June 17 intercepted 193 
spores per square inch. At two or three other points in eastern Manitoba, 
comparable numbers of spores were intercepted on June 17. Evidently 
these spores must have originated somewhere south of the line previously 
mentioned, and must have, therefore, been carried northward for 500 miles 
or more. Practically no spores were intercepted on June 18, although 
throughout the day the wind continued in the same direction. Apparently 
most of the spores were washed out of the air by rain that occurred on that 
date from eastern Nebravska northward to Manitoba. 

The epidemic of 1935 offers another example of the long-distance 
spread of stem-rust spores. The first spore shower of that summer occurred 
during a period of south wind, from June 23 to 25. The shower was quite 
heavy, for the slide exposed at Winnipeg on June 24 intercepted 240 
urediospores per square inch. Stem rust was then just appearing in the 
southern part of Minnesota and South Dakota^ a distance of approximately 
400 miles from Winnipeg. As at that time only a trace was present in 
those areas, it is very probable that the spores reaching Winnipeg originated 
still farther south, and, consequently, the distance travelled by them was 
perhaps considerably greater than that just indicated. 

That urediospores of stem rust are carried far north beyond the 
cultivated region of Western Canada is indicated by the fact that Newton, 
late in the summer of 1936, found stem rust on volunteer wheat plants 
growing at Churchill on Hudson Bay, about 600 miles north of Winnipeg 
(144) ; and, in September, 1940, on Hordeum jubaium at Hay River, on the 
western end of Great Slave Lake, about 500 miles north of Edmonton^. 
Churchill is about 500 miles from the nearest cereal-growing area, and Hay 
River about 350 miles. The probability is that, in both instances, the 
infections were caused by wind-borne spores. Several times during the 
summer of 1936 the high and low air-pressure areas (See page 000) were in 
a favourable pij^tion to bring spores by a southerly wind to Churchill from 
infected grain-growing areas. Slides exposed at Norway House, 275 miles 
north of Winnipeg, have shown that spores in large numbers (Ta.ble 4) are 
sometimes present in the air that far north, and it is probable that spores 
in considerable numbers are occasionally carried as far north as Churchill, 

• Compare U.S.D.A. Plant Disease Reporter 19 :154. 1935. 

’ Newton, Margaret. Additions to the fungus flora of the McKenzie River Basin. In Annual Report 
of the Canadian Plant Disease Survey. 1940. Division of Botany and Plant Pathology. Canada Dept. Agr., 
Ottawa 20 : 100>]02. 1941. 
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or even farther. It would seem probable, too, that, in 1940, spores from 
the grain-growing area of Western Canada were carried north-westerly as 
far as Great Slave Lake. 

Evidence of Aeroplane Slide Exposures 

In addition to the stationary exposures, slides were exposed during 
aeroplane flights. The purpose of these exposures was to supplement the 
data furnished by the stationary slides and to give some indication of the 
concentration of spores in the air at different altitudes, as well as to ascertain 
whether or not they were present over northern areas where it w'as not 
possible to expose stationary slides. It was only through the generous 
co-operation of the Branch of the Royal Canadian Air P'orce stationed at 
Winnipeg that this phase of the work was made possible. These exposures 
were continued from 1925 to 19v31. An account of each year’s results is 
contained in the Reports of the Dominion Botanist, Department of Agricul¬ 
ture, Canada, for those years, and, consequently, a discussion of the results 
obtained need not be given here in detail. 

A considerable number of studies have been made by different investi¬ 
gators to gain information concerning the fungal and bacterial population 
of the atmosphere, and a good deal has been learned concerning the identity 
of the organisms present and their relative numbers. Reference to such 
studies has been made in another publication (45). From them it is evident 
that micro-organisms may be present even to a height of three miles or 
more above the surface of the earth, although at high levels they are very 
much less numerous than at lower levels. Stakman, Henry, Curran, and 
Christopher (203), in an attempt to discover to what height stem-rust 
spores were present in the air over different parts of the Mississippi Valley, 
found various kinds of spores up to an altitude of 16,500 feet—the highest 
level at which exposures were made. Urediospores of stem rust caught 
at 7,000 feet germinated readily. These investigators used several different 
types of spore-trap, one of which was adopted for the present work. 

In the present work, the exposures were made largely during forest- 
patrol flights in Manitoba, in the months of July and August, but not 
according to any definite schedule. The duration of most of the exposures 
was 15 minutes, but some slides were exposed for only 5 or 10 minutes. 
Each exposure was made at a definite altitude, the range being from 1,000 
to 7,000 feet. In Manitoba, exposures were made from 1925 to 1929 over 
areas lying east of the southern extremity of Lake Winnipeg, and others 
over areas at the northern extremity of Lake Winnipeg, and, from 1926 
to 1929, in the vicinity of Cormorant Lake, about 90 miles west-by-north 
of the latter locality. No exposures w^ere made in Saskatchewan, but some 
were made at High River, Alberta, in 1925 and 1926. The type of spore 
trap used is illustrated in Figure 5. 

As the slides were exposed for a relatively short time, it would appear 
that spores would have to be fairly plentiful in the air before any consider¬ 
able number of them would be intercepted during an exposure. As a 
matter of fact, the number was usually low, particularly on those slides 
exposed in late June and early July. On many of these no spores were 
found at all. Later in the season, however, the number occasionally was 
surprisingly high. For the purpose of this study, the exposures of most 
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Figure 5. Spore trap used in making vslide exposures during aeroplane flights. 
Two glass slides placed end to end are held in position on the front side of a wo^en 
paddle by means of two narrow grooves that face inwards. A thin smear of vaseline 
covers the exposed face of each slide. The handle of the paddle projects through a 
perforated stopper that fits tightly into the mouth of the bottle. For an exposure, 
the paddle is removed from the bottle and held with the slide facing in the direction of 
flight for a designated length of time. 

interest are those made at Cormorant Lake. This lake is more than 300 
miles north of Winnipeg and is separated from the nearest cultivated area 
by a region of forest and lakes approximately 150 miles in width. 

Northward Dispersal of Spores. The results of the exposures in the 
Cormorant Lake region are given in Table 4, and furnish feome evidence of 
distant northward dispersal of stem-rust spores. Relatively few spores 
were intercepted by th^ slides exposed in 1926, a light rust year, but in 
1927, a year of late crops and heavy stem rust, spores in this region were 
much more nunrfKrous. The number was considerably less in 1928 and in 
1929, both comparatively light rust years. 

It cannot be said with absolute certainty that these spores were not of 
local origin, as Cormorant Lake is not easily accessible, except by aeroplane, 
and no observations were made to determine whether or not stem rust was 
present on native grasses growing in the vicinity. There is little likelihood, 
however, that such a high concentration of spores in the air, as indicate by 
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the number on some of the 1927 slides, could have originated locally, if, 
indeed, any local infection was present at all. Rather would it appear that 
the source of these spores was the rusted grain fields of southern Manitoba. 
In 1928, stem-rust spores were caught by the exposures made between 
July 13 and 19. The first traces of stem rust in the field appeared in the 
southern part of the province between July 9 and 12. These few scattered 
pustules would be entirely inadequate to produce sufficient inoculum to 
account for so many spores being present in the air more than 300 miles 
distant. There can scarcely be any doubt that they originated south of 
the international border. The high and low air-pressure areas (to be 
discussed later) were so positioned on July 13 and particularly on July 14 
as to bring a south wind to northern Manitoba, a fact that seems to support 
this belief. The same is true of July 29 and August S, on which 21 and 
15 spores, respectively, were intercepted by the slides. In general, it 
would appear that, when any considerable number of spores were inter¬ 
cepted in that region, their presence may be attributed to dispersal by 
south winds. 


Table 4.—The number of stem-rust urediospores present per square inch on glass 
SLIDES exposed FOR 15 MINUTES DURING AEROPLANE FLIGHTS AT CORMORANT LaKE, 

ON THE DATES INDICATED, AT ALTITUDES BETWEEN 3,000 AND 5,000 FEET 


1926 

1927 

1928 

1929 


[uly 12-0 

July 7-0 

July 13-4 

July 13-0 


[ulv 15 - 0 

July 12-0 

July 14 - 7 

July 18-0 


[ulv 17-0 

July 17-0 

July 16 - 2 

July 19 - 1 


[ulv 24-0 

July 23 - 0 

July 19 - 18 

July 20 - 1 


[uly 25 - 1 

July 25 - 1 

July 27-0 

July 21-0 


[uly 29-0 

July 29-0 

July 28-0 

July 25-0 




July 29 - 21 

July 28-0 




July 30-0 

July 29 - 1 





July 30-0 

Aug. 3 - 1 

Aug. 11-13 

Aug. 5 - 15 


Aug. 10-0 

Aug. 12*- 89 

Aug. 8-0 

Aug. 1-4 

Aug. 14-2 

Aug. 12*- 45 

Aug. 10-0 

Aug, 3-0 

Aug. 17-2 

Aug. 12*- 3 

Aug. 18 - 1 

Aug. 4-1 

Aug. 25 - 1 

Aug. 22-0 

Aug. 20-0 

Aug. 5-0 

Aug. 28-3 

Aug. 24-0 

Aug. 23-4 

Aug. 6-3 

Aug. 31-10 

Aug, 31 -113 

Aug. 24-0 

Aug. 11-0 




Aug. 25 - 0 

Aug. 12-0 




Aug. 28-0 

Aug. 14-0 

Sept. 1-0 

Sept. 8 -181 



Sept. 7-0 

Sept. 12 -216 



Sept. 14-0 

Sept. 16 - 7 




• The three exposures on August 12 were of 5 minutes duration and were made by three different patrols 
at altitudes of 3,000, 4,000, and 5,(K)0 feet, respectively. 


Vertical Distribution of Spores, As rust spores are readily air-borne, 
it is apparent that upward air currents might carry them to relatively high 
altitudes. On the patrol flights referred to above, most of the exposures 
were made at altitudes between 1,000 and 5,000 feet. Within this range, 
spores did not appear to be more numerous at one altitude than at anothei. 
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In order to ascertain the relative concentration of spores in the 
atmosphere at successively higher altitudes, a series of special flights was 
made in Manitoba at Portage la Prairie in 1930 and at Winnipeg in 1931. 
The data are recorded in Table 5. In these flights the pilot made an 
exposure at the lowest altitude, then rose to the next higher one and made 
the second exposure, and so on until the highest and last exposure of that 
series was made. The space of time between the first and last exposure 
was, therefore, relatively short. In connection with Table 5, it should be 
recalled that during late July and in August, 1930, a moderate to heavy 
outbreak of stem rust was present in Manitoba, while in 1931 there was 
but a light infection. In the latter year, cereal crops ripened early and 
harvesting operations were well under way by the first week of August. 

It would appear from Table 5 that, on those days in which several 
thousand spores were intercepted by the slides, the concentration of spores 
was greatest up to 5,000 feet or thereabout. This is evident from the 
exposures made in late July and in the first half of August. There is no 
way of determining where these spores originated, but presumably a large 
proportion of them were produced in Manitoba. The exposures made in 
June and the first three weeks of July, 1931, show that the distribution of 
spores in the air was rather uniform to considerable heights during that 
period, a fact which suggests that the spores had travelled a considerable 
distance and had become more or less uniformly distributed through the 
atmosphere. 


Table 5.—The number of stem-rust spores per square inch intercepted by micro¬ 
scope SLIDES EXPOSED AT DIFFERENT ALTITUDES FOR 10 MINUTES 
ON EACH OF SE^^^RAL DIFFERENT DATES IN 1930 AND 1931 



Date 


Number of spores at different altitudes 



1,000 ft. j 

3,000 ft. 

5,000 ft. 

7.000 ft. 

10,000 ft. 

14,000 ft. 

1930 

July 29 

756 

1 

684 


2 

6 

Aug. 1 

13,920 

— 

1,440 

— 

7 

16 

Aug. 5 

24,200 

— 

7,560 

— 

108 

10 

Aug. 8 

1,596 

> — 

30 

— 

21 

18 

Aug. 12 

4,200 

— 

9 

— 


12 

Aug- 13 

6,096 

— 

48 

— 

21 

5 

Aug. 14 

24,000 

— 

170 

— 

36 

30 


1931 

[une 15 


0 

0 

0 i 

0 

5 


[une 22 

1^ 

1 

1 

3 

3 

4 


[une 29 

1 

0 

1 

1 

1 

2 


[uly 7 

3 

1 

1 

0 

0 

0 


[uly 13 

4 

4 

0 

1 

1 

2 


[uly 20 

4 

2 

0 

0 

0 

1 


[uly 27 

6,840 

8,760 

6,360 

1 

1 

0 

Aug. 5 

3,685 

1,800 

9 

0 

No exposure 

No exposure 
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Horizontal Distribution of Spores, Not much information concerning 
the horizontal distribution of spores was obtained through the aeroplane- 
slide exposures, but the few data bearing on this point are in agreement 
with those of the stationary-slide exposures. From the latter exposures 
(Table 2), it is abundantly clear that the concentration of stem-rust spores 
in the atmosphere near ground level varies greatly from place to place and 
from time to time. The data furnished by the aeroplane exposures, 
although relatively few, indicate that, at an altitude of approximately 
5,000 feet, the horizontal distribution of spores is by no means uniform. 
For instance, on September 15, 1926, at Lac du Bonnet, which is situated 
at the southern extremity of Lake Winnipeg, a 5-minute exposure was 
made at 5,000 feet on each of three different patrol routes. The exposure 
on one route intercepted ninety times as many spores as either of the 
exposures on the other two routes. Within the same general region, there 
was, therefore, a pronounced difference in the number of spores. On July 
11, 1929, an exposure at Lac du Bonnet collected three times as many 
spores as one at Portage la Prairie, 110 miles distant. The reverse result 
was obtained on July 29, 1930, from two exposures made at Portage la 
Prairie and one at Lac du Bonnet. At approximately the same altitude, 
the concentration of spores at Portage la Prairie was nearly one hundred 
times that at Lac du Bonnet. 

PLACE OF ORIGIN OF EARLY WIND-BORNE INOCULUM 

If, as is evident from the foregoing discussion, wind-borne inoculum is 
responsible each year for the initiation of stem rust in Western C'anada, the 
question naturally arises as to where this inoculum originates. Obviously 
it must originate in an area where the growing season is somewhat earlier 
than in Western Canada, for, in an area with a later growing season, 
climatic conditions would undoubtedly prevent stem rust from developing 
until a correspondingly later date, and hence inoculum would not be 
available for dissemination. Not only must inoculum be present in the 
area, but it would seem necessary that it be i)resent in considerable abund¬ 
ance before it could be effectively disseminated long distances. Further¬ 
more, in order that inoculum be introduced into Western C'anada, there 
must be during June and July one or more periods in which the wind is 
favourable to the introduction of inoculum from whatever area is in 
question. These restrictive qualifications would seem to limit very largely 
the area of inoculum origin to the Mississippi \'alley. 

The first two qualifications would seem to eliminate to a great extent 
the Pacific Northwestern States and British Columbia as areas of inoculum 
origin. In the Pacific Northwc'^tern States, a considerable acreage is' 
sown to cereals, but the growing season is usually concurrent with or 
somewhat later than that of the l-pper Mississippi \^alley, and hence the 
former area has no advantage over the latter in respect to earliness of 
stem-rust development. Furthermore, in the Inland Empire, a large 
agricultural region lying between the Rocky and the Cascade Mountains, 
stem rust is rarely of economic importance (85), although it is frequently 
severe, apparently, in other parts of thevse States (67). In British Columbia, 
the cereal acreage is small; the growing season is still later; and stem rust 
is usually of minor importance, except occasionally in a few localities. 
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Then, too, the presence of high mountain ranges, running in a general 
north-to-south direction in both these areas, would tend to interpose a 
considerable barrier to the spread of inoculum across these ranges, although 
probably not an insuperable barrier. As is pointed out later, there is a 
probability that, when inoculum is available in these areas, it can be 
brought by winds into Western Canada. It is, however, improbable that 
the early inoculum reaching Western Canada, or indeed in most years, any 
considerable amount of later inoculum originates in these two areas. 

On account of the lateness of the growing season and the scarcity of 
susceptible grass hosts in the territory lying north of the cultivated area 
of Western Canada, there is practically no possibility that whatever slight 
amount of inoculum arises there can be produced early enough to influence 
in any way the course of the disease in the cultivated area. 

As far as Ontario is concerned, the territory lying north of Lake 
Superior and Lake Huron and extending from Manitoba to che western 
boundary of Quebec is developed comparatively little agriculturally, and 
throughout this territory the growing season is later than in Western 
Canada. Whatever inoculum may develop theie is produced too late to 
initiate early infections and too small in quantity to influence appreciably 
the amount of infection in Western Canada, even if it did reach this area. 
The only part of Ontario in which inoculum for early dissemination could 
arise is the area lying immediately north of Lake Erie and Lake Ontario, 
in this area, local outbreaks of stem rust originating from infected barberry 
frequently occur, and in occasional years general outbieaks develop, but 
it is unlikely that inoculum is ever produced there in sufficient abundance 
to provide early inoculum for Western Canada. Moreover, as is pointed 
out later, the occasions on which either early or later inoculum from this 
area could be carried by winds into Western Canada are extremely rare, 
if indeed such occasions occur. 

The probability of inoculum produced in such eastern States as New 
York, Pennsylvania, and Ohio, reaching Western Canada seems to be just 
about as small as it is of inoculum produced in southern Ontario. Still less is 
the probability of inoculum produced in Quebec and the Maritime Provinces, 
or the New England States being carried by winds to Western Canada. 

I There is a better possibility of inoculum being carried in from Wisconsin, 
Illinois, and Michigan, but the most probable source of the early inoculum, 
as well as of the later arriving inoculum, is the western Mississippi Valley, 
particularly the more northerly part of it. 

As is well known, the Mississippi Valley comprises a vast cereal¬ 
growing area, extending from the Gulf of Mexico to the Canadian border, 
and immediately adjoining Manitoba and eastern Saskatchewan. In it, 
crops ripen successively later from south to north, so that with favourable 
weather conditions it would be possible in one season for stem rust to 
spread from soutiH^to north throughout its full length. As mentioned 
earlier, stem rust overwinters practically every year to a greater or less 
extent in the extreme south, in the State of Texas, and in some years at 
least there is definite evidence of the spread of stem-rust spores from 
southern to northern States (67, 94, 113, 156, 157, 158, 192, 193, 195, 198, 
209, 226). This progressive advance has been observed in the field in 
such years as 1904 (67, 85), 1935 (195), 1937 (199), and 1938 (140). Further- 
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more, in the northern States, barberry becomes infected every year, so 
that even in a year when there may be little or no northward drift of spores 
from the south, inoculum may spread from infected barberries (57, 102, 
141, 144, 149, 169, 189, 191, 192, 205) to cereal crops in this area, and 
inoculum produced on these crops may then spread northward into Western 
Canada. It may be mentioned here, however, that owin^ to the extensive 
eradication of the common barberry in the northern States, this .source of 
infection is continually becoming of less importance (94, 156, 157, 195, 
211) for both areas. 

In the present investigation, definite evidence of northward spread of 
inoculum from the Mississippi Valley into Western Canada has been 
obtained, but as this evidence can be more conveniently presented in 
connection with the discussion on the relation of wind to the spread of stem 
rust, it is reserved for that section of this paper. The inoculum arriving 
in Western Canada in June and early July apparently may come from as 
far south as southern Iowa, or possibly even from farther south, but the 
bulk of the later arriving inoculum probably originates in the more northerly 
States of the Mississippi Valley. A comparison of the severity of the stem- 
rust outbreaks in the northern Mississippi Valley and Western Canada over 
a period of years and of the predominating physiologic races of the rust 
present in different years in the two areas, seems to support the conclusion 
that outbreaks in Western Canada are largely northward extensions of 
outbreaks in the northern Mississippi Valley. 


Comparison of Stem Rust Severity in the Upper Mississippi 
Valley and Western Canada 

From the fact that Western Canada lies immediately north of the 
Mississippi Valley, it can readily be understood that the amount of stem- 
rust infection in the more northerly portion of the latter area, namely the 
Upper Mississippi Valley, may have a very direct inlluence on the amount 
of infection that develops in Western Canada. If allowance be made for 
differences in latitude, climatic conditions in the two areas are not greatly 
dissimilar. Moreover, the topography of the two areas is much alike. 
There is also a good deal of similarity in the varieties of small grains grown. 
As no natural barriers separate the two areas, south Minds can readily 
carry spores from the one into the other. It would not, therefore, be 
surprising to find considerable agreement from year to year in the intensity 
of infection in the two areas. 

Table 6 gives the years, from 1904 to 1938, in wdiich stem rust w'as of 
heavy, medium, and light intensiiy in the lipper Mississippi X^alley and 
Western Canada. The classification of the years from 1904 to 1925 for 
the former area is that given by Stakman and Lambert (207) and Lambert 
(113), while that of the years from 1926 to 1938 is based on reports in the 
Plant Disease Reporter and its Supplements^ for those \ ears. 

As shown in Table 6, there is a good deal of agreement year by year in 
the severity of stem rust in the Upper Mississippi Valley and in Western 
Canada, although some divergencies are evident. The agreement, how^ever, 

• Mimeographed publications of the United States Department of .Agriculture. 
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may be somewhat closer than represented, for in some instances it was 
difficult to decide whether or not a particular year should be classified 
more properly as a heavy rust year rather than as a medium rust year, or 
as a medium rust year rather than as a light rust year. Where the difficulty 
could not be satisfactorily resolved, the class representing the lesser rust 
severity was chosen. For example, in 1911 stem rust is known to have 
been at least rather heavy in southern and central Manitoba and prevalent 
in south-eastern Saskatchewan, but whether or not epidemic conditions 
prevailed is uncertain and hence, for Western Canada, 1911 is classed as 
a medium rust year rather than as a heavy rust year, although if more 
exact information had been available it might have been more accurately 
classed as a heavy rust year, and thus be brought into agreement with the 
classification given it in the Upper Mississippi Valley. The year 1919 
could be classed with some justification as a heavy rust year, but it seems 
more in keeping with the actual conditions that prevailed to regard it as 
a medium rust year. The greatest disparity in the severity of infection in 
the two areas seems to have occurred in 1920, but although this year is 
classed as a light rust year in Western Canada, it would probably have been 
almost as correct to have regarded it as a medium rust year. In some 
other years, stem rust was somewhat heavier in one area than in the other, 
but probably in no year has the difference in the in tensity of infection in 
the two areas been greater than that which could be justifiably attributed 
to local differences in weather conditions. The comparison, therefore, 
shows that during the period 1904 to 1938 there was agreement in the 
amount of stem rust in the two areas in 26, and apparently in more, of the 
35 years, a fact that leaves little doubt that the amount of infection in 
the northern Mississippi Valley has a direct influence on the amount that 
develops in Western Canada. 


Table 6.—Classification of the years from 1904 to 1938 according to the intensity 

OF STEM-RUST INFECTION IN THE UPPER MISSISSIPPI VaLLEY AND WESTERN CANADA 


Class of year 

Upper Mississippi Valley 

Western Canada 

Heavy rust 

1904, 1911, 1916, 1919, 

1904, 1916, 1923, 1927, 

1920, 1923, 1927, 1935, 

1938. 

1935, 1938. , 

Medium rust 

1905, 1906, 1908, 1914, 

1905, 1906, 1911, 1914, 


1917, 1921, 1922, 1925, 

1929, 1937. 

1919, 1921, 1924*, 1925, 

1930, 1937. 

Light rust 

1907, 1909, 1910, 1912, 

1907, 1908, 1909, 1910, 

1913, 1915, 1918, 1924, 

1912, 1913, 1915, 1917, 


1926, 1928, 1930, 1931, 

1918, 1920, 1922, 1926, 


1932,* 1933, 1934, 1936. 

1928, 1929, 1931, 1932, 

1933, 1934, 1936. 


A light rust year except in Manitoba. 
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Comparative Prevalence of Physiologic Races of W^heat Stem Rust 
IN THE United States and C'anada 

As wheat stem rust comprises a large number of different physiologic 
races, it would be expected that if infection in Western Canada is initiated 
by wind-borne spores from the south there should be an evident agreement 
in the identity and prevalence of at least the predominating races found in 
Western Canada and in the northern Mississippi Valley. Unfortunately, 
data for the latter area are only available for the four years discussed 
below, but for a few ot the other years some idea of the prevalence of the 
different races \n the two areas can be obtained by a comparison of what 
data are available for the United vStates as a whole with corresponding 
data for all of Canada, as the predominating races in the two areas under 
consideration appear to be the predominating ones in the two countries. 

Stakman, Levine, and Wallace (209) made a study of the distribu¬ 
tion and prevalence of the physiologic races of stem rust present in the 
Mississippi Valley in 1926, 1927, and 1928, with a view to determining 
whether or not such a study would provide evidence of the spread of 
inoculum from southern to northern Stcites. W allace (226) extended the 
study to include the whole-of the U^nited States, and with data obtained by 
Canadian workers made comparisons of the relative pre\'alence of the 
races of stem rust present in the Ihiited Stat(‘s and Canada in 1926 and 
1927. ((Complete data for Canada in 1928 were not available at the time 
that he made the comparison.) He found that, in 1926, ten of the 15 races 
obtained in Canada were pre.sent in the United States, the other 5 races 
comprising only 9 out of a total of 387 isolates. In 1927, eleven of the 19 
races obtained in C'anada were present in the United States. The other 
8 races comprised 30 out of a total of 511 isolates. Two of ihe.se 8 races 
(Races 56 and 57) were obtained from infected barberry plants in the 
greenhouse at W'innijieg, and another (Race 53) originated at Ottawa in the 
vicinity of barberry. Actually, therefore, in 1927 only 5 races were found, 
apart from barberry, on cereals and grasses in C'anada that were not found 
in the United States. W^allace points out that 2 (a* 3 races were moderately 
prevalent in C'anada but were not found, or were found only rarely, in the 
United States in these years. 

The comparison begun by W allace can now be completed for 1928, 
and extended to include 1939, a year for which complete data are available 
(210). In 1928, nineteen physiologic races were found in the United 
States. Twelve of the.se races were also found in C'anada, but, in addition, 
there were 9 others found in Canada that were not found in the United 
States. Six of these 9 were collected in Eastern C'anada, and may have 
had their origin on infected barberry. In 1939, fourteen races were 
identified in the United States, 7 of which were found present in C'anada. 
Nine other races were collected in C'anada, although 6 of them were only 
soliated once. 
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Table 7 gives the comparative prevalence of the more commonly 
occurring races in the United States and in Canada during the years 1926, 
1927, 1928, and 1939, and of the same races in 9 (8 in 1939) States in the 
Mississippi Valley—Iowa, Kansas, Minnesota, Missouri, Montana, 
Nebraska, North Dakota, South Dakota, Wisconsin—and in Western 
Canada during the same years. 

Table 7.--Prevalence of the more commonly occurring physiologic races of 

STEM rust in the UNITED STATES AND CANADA, AND IN NINE STATES OF THE 
Mississippi Valley and in Western Canada, in 1926, 1927, 1928, and 
1939, expressed as the percentage that the ISOLATES OF each 
race FORMED OF THE ISOLATES OF ALL RACES IDENTIFIED IN 
THE RESPECTIVE YEARS AND COUNTRIES OR AREAS 


Physiologic 

race 

1926 

1927 

1928 

1939 

United 

States 

Canaila 

United 

States 

Canada 

United 

States 

Canada 

United 

States 

Canada^ 

11* 

17.2 

3.2 

7.6 

0.9 

6.2 

I 

1.3 

3.2 

1.9 

14 

0.9 

0.5 

0.7 

3.5 

0.0 

0.5 

0.1 

0.6 

15 

0.0 

0.5 

0.0 

1 8 

0.0 

5.4 

0.3 

0.6 

17* 

8.6 

7.7 

4 2 

4.2 

3.8 

4.3 

10.0 

2.6 

19 

0.9 

0.3 

2.0 

0.2 

2.9 

1 5 

3.3 

3.2 

21 

10.3 

22.3 

29.3 

29.5 

19.2 

26 3 

0 4 

0.0 

34 

0.9 

1.1 

0.0 

2.2 

0.3 

3.8 

0.6 

0.0 

36* 

56.0 

55.7 

37.6 

45.3 

30.7 

39.3 

0.7 

0.6 

38* 

7.7 

4.8 

12.5 

5.8 

25.4 

8.2 

24.0 

11.5 

49 

0.0 

0.8 

2.2 

1.8 

7.1 

3.6 

0.6 

0.0 

56 

0.0 

0.0 

0 0 

0.0 

0.6 

0.0 

55.5 

74.3 

Total number 









of isolates 

116 

378 

406 

450 

339 

391 

1063 

156 


Nine 

Western 

Nine i 

Western 

Nine 

Western 

Eight 1 

Western 


States 

Canada 

States 

Canada 

States 

Canada 

Stalest 

Canada 

11* 

7.0 

2.2 

5.7 

0.5 i 

5.6 

0.9 

2.7 

1.9 

14 

0.0 

0.4 

0.4 

3.8 1 

0.0 

0.3 

0.2 

1.0 

15 

0.0 

0.7 1 

0.0 

2.0 1 

0.0 

5.1 

0.2 

0.0 

17* 

1.7 

7.4 

4 8 

4.3 

4.7 

4.8 

12.3 

1.9 

19 

0.0 

0.4 

2.2 

0.0 

2.3 

1 .6 

2.9 

3.9 

21 

10.5 

22 6 

31.3 

30.1 

24.7 

29.6 

0.3 

0.0 

34 

1.7 

1.1 

0.0 

2.3 

0.5 

3.5 

0.5 

0.0 

36* 

71.7 

60.5 

43.6 

47.2 

39.6 

44.2 

0 6 

0.0 

38* 

1.7 

0.4 i 

6.5 

3.3 

12.6 

2.9 

19.0 i 

9.6 

49 

0.0 

0.7 1 

2.6 

1.8 

6.5 

3.5 

0.5 1 

0.0 

56 

0.0 

0.0 

0.0 

0.0 

0.9 

0.0 

60.5 

76.9 

Total number 







1 


of isolates 

57 

269 

229 

391 

219 

314 

625 

104 


* Races It, 17, 36, and 38 differ only slightly from Races 32, 29, 18, and 39, respectively, and under some 
conditions are almost or wholly indistinguishable from them. For purposes of the present computation, it 
seems advisable to regard e^A pair of races (e.g. Races 11 and 32) as a single race. The percentages, therefore, 
given for Races 11, 17, 36,lRn 38 in this table include those also, respectively, of Races 32, 29, 18, and 39. 
t No data given for Montana in this year. 


In this table, the prevalence of a particular race in a given year is 
expressed as the percentage that the isolates of this race formed of the total 
of all the isolates obtained in that year in the respective country or area. 
It may be mentioned in passing that few of the isolates obtained in the 
United States in these years originated on infected barberry, and none of 
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those obtained in Canada from infected barberry are included in the table. 
The most arresting feature of the data is the pronounced dominance in both 
countries, or in both regions, of a few physiologic races, namely Races 21, 
36, and 38 from 1926 to 1928, and of Races 38 and 56 in 1939. Race 38 
was apparently levss prevalent in the nine States and in Western Canada 
during the period 1926-1928 than in other parts of the two countries. In 
all four years. Races 11 and 17 were present in both countries, although 
Race 11 tended to be considerably more prevalent in the United States 
than in Canada, while Race 17 tended to be about as prevalent in the 
one as in the other. The other races were in most instances less prevalent 
than those just mentioned, and were more often than not present in both 
countries. 

It is obvious that, according to Table 7, there were certain disparities 
in the prevalence of some of the races, at least in some years, in the two 
countries, and even in the Mississippi Valley and Western ('anada. For 
example, Race 15 was not isolated in 1926, 1927, or 1928 in the United 
States, although it was isolated in Canada in all three years and apparently 
was not altogether uncommon there in the last two of these years. Similarly, 
Race 34 was not isolated in the United States in 1927, although, in that 
year, it was isolated 10 times in ("anada from collections of stem rust 
obtained from cereals and grasses. In this connection, it may be remarked 
that the fact that, in one or more years, a given race was found present in 
Canada but not in the United States does not necessarily indicate con¬ 
clusively that the race was entirely absent from the latter country. The 
converse is likewise true. On the other hand, the presence of Race 15 in 
Canada for three consecutive years and the failure in the United States to 
isolate this race in the same years, might indicate that the race overwintered 
in Western Canada. It would seem almost a mathematical certainty that 
Race 15 was not present in the Mississippi Valley in 1927 and 1928. What¬ 
ever may be the explanation of such anomalies, they in no way impair the 
strength of the positive e\'idence, and as adequate discussion of them 
would be long and probably tedious, they need be given no further con¬ 
sideration. The fundamental point made evident by the comparisons 
given in Table 7 is the pronounced similarities in the racial composition 
and prevalence of the rust in the areas under discussion. The fact that 
in each year the races predominating in the northern Mississippi X^alley 
were the races that predominated in Western C'anada, can leave little 
doubt as to the main source of the inoculum responsible for stem-rust out¬ 
breaks in the latter area. 

For the decade following 1928, as already mentioned, detailed data 
relative to the prevalence of ditterent races of stem rust in the United 
States are not available for comparison, except in the case of Race 56, 
which will be referred to presently; but Stakman and coworkers (201, 204) 
point out that in the United States as a whole there have been decided 
population drifts among physiologic races of w heat stem rust betw een 1930 
and 1939. Similar trends in the prevalence of races of this rust have been 
observed in Canada (146) during these and earlier years. The data avail¬ 
able for the United States are only illustrative and hence not extensive, 
but they furnish at least a limited basis for comparison. In this com¬ 
parison, as in the foregoing one, the prevalence of a race in a given year is 
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expressed as the percentage that the isolates of the race in question formed 
of the total isolates of all the races found in that year in each country. 
The corresponding data for the two countries in the period just indicated 
are as follows: 


— 

United States 

Canada 

Race 21 

7% in 1934, not found on 
wheat in 1939. 

13.7% in 1934, not found on cereal or 
grasses in 1938 or 1939. 

Race 34 

0.6% in 1930, 22% in 1934, 
0.6% in 1939. 

7.3% in 1930 (1.3% in 1929), 19.2% 
in 1934, 0.0% in 1939 (1.7% in 
1938). 

Race 36* 

36% in 1930, 0.6% in 1939. 

49% in 1930, 4% in 1939. 

Face 38* 

Fluctuated greatly, 34% in 
1930, 4% in 1934. 

Fluctuated widely, 20.3% in 1930, 
2.7% in 1934. 

Races 17* and 19 

Tended to increase slowly but 
irregularly. 

Fluctuated considerably, but definite 
tendency to increase only evident 
in Race 17. 


• See first footnote to Table 7. 


From these few comparative data, it is evident that there is a parallelism 
between the population trends of at least certain of the more prevalent 
physiologic races of wheat stem rust in the two countries, although there 
is some disparity in the relative prevalence of individual races. 

A better sequence of data is available for Race 56. In 1928, this race 
comprised 0.59%, and, in 1930 comprised 0.3% of all isolates made in the 
United States, but it was not collected on cereals or grasses in Canada until 
1931, when jt comprised 2.0% of all the isolates. From 1932 t6 1938, the 
yearly prevalence of this race in the United States and Canada is indicated 
by the following percentages: 


— 

1932 

1933 

1934 

1935 

1936 

1937 

1938 


% 

% 

% 

% 

% 

% 

% 

United States 

2.1 

3.7 

33.1 

44.0 

47.0 

57.0 

66.0 

Canada 

7.7 

5.7 

28.8 

50.0 

61.0 

53.3 

69.4 


The gradual increase year by year in the prevalence of this race from 1933 
to 1938 in both countries is a striking feature of the rise to prominence of 
Race 56, and leaves little doubt that the prevalence of this race in the 
United States has been largely responsible for its prevalence in Canada. 

Although the comparative data presented above relative to the preval¬ 
ence of physiologic races of wheat stem rust in the United States and in 
Canada are soniewhat fragmentary, the general trend of the evidence 
indicates that iiffrny given year the races most prevalent in the United 
States are the races most prevalent in Canada, and that population trends 
among these races tend to correspond in the two countries. As stem rust 
develops earlier in the United States than in Canada, the conclusion seems 
justified that inoculum from the United States is introduced into Canada, 
the predominating races in the former providing the bulk of the inoculum 
and thereby becoming estalbished as the predominating races in the latter. 
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RELATION OF METEOROLOGICAL FACTORS TO THE 
DEVELOPMENT OF STEM RUST 

The influence of such meteorological factors as humidity, temperature, 
and light intensity on the development of stem rust has been carefully 
studied under controlled conditions by different investigators, and some 
attention has been given to wind as a means of spore dispersal. Many 
observations have been recorded of the relation of these factors, particularly 
temperature and humidity, to stem-rust development under natural condi¬ 
tions. In regard to this relation, it may be mentioned that it is complicated 
by the complex life cycle of the organism (Figure 6) and by the fact that 
the organism, except in the case of free spores, cannot be studied apart 



Figure 6. Schematic representation of the life cycle of the sttm-rust funo^us. 
The black spores (teliospores) survive the winter ami germinate in the spring and early 
summer. Each of the 2 cells of a black spore produces a stout curved tube on which 
are produced 4 tiny colourless spores (sporidia), which infect common barberry. In¬ 
fections on barberry produce the cluster-cup stage of the fungus. The cluster cups 
(aecia) produce aeciospores, and these spores infect cereals and grasses. Infections 
arising from them produce the red, or summer, spores. These spores (Figure 7), in 
turn, infect cereals and grasses; and so long as the plants remain green and weather 
conditions are favourable, old and new infections continue to produce urediospores, 
and the urediospores, new infections. When, however, the plants begin to ripen, the 
infections cease to produce urediospores but, in their place produce the black spores 
(teliospores), thus completing the life cycle of the fungus. (Drawing by Mr. W. E. 
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from its hosts. In the present study, however, it is only necessary to 
consider weather conditions in their relation to the uredial stage of the 
fungus, for it is with this stage (Figure 7) that the present study is almost 



Figure 7. Red spores (urediospores) of stem rust. Magnification, 230 app. 

entirely concerned. For a discussion of the relation of weather conditions 
to the other stages, and for literature citations bearing on the same, the 
reader is referred to Lambert (113), Zimmerman (239), and Lehmann, 
Kummer, and Dannenmann (117). 

As earlier pointed out, there are great variations in the severity of 
stem-rust infection in Western Canada from year to year. In any given 
year, the severity is usually greatest in eastern Manitoba and decreases 
westward to Alberta. In order to ascertain to what extent these yearly 
and regional variations in rust severity are attributable to weather condi¬ 
tions, a study has been made of certain meteorological factors for the years 
1916 to 1938, and of the relation of these factors to the development of 
stem rust in these years. 

Because of regional differences in climatic conditions in Western 
Canada, the Meteorological Service of Canada recognizes a number of 
meteorological divisions in this area. The divisions included in this study 
are as follows: 

Manitoba: Red River (Eastern Manitoba). 

Qu’Appelle and Assiniboine Rivers (Western Manitoba). 
Saskatchewan: Qu’Appelle River (Eastern Saskatchewan). 

Saskatchewan Forks (North-central Saskatchewan). 

North Saskatchewan River (North-western Saskatchewan). 
South Saskatchewan River (South-western Saskatchewan). 
Alberta: 4A[orth Saskatchewan River (Northern Alberta). 

Red Deer River (Central Alberta). 

Bow River (Southern Alberta). 

These nine divisions embrace the greater part of the cultivated area of 
Western ^ Canada. The two Manitoba divisions and the Qu’Appelle 
division in Saskatchewan comprise approximately the area most affected 
by stem rust. The meteorological data are presented mainly by meteoro- 
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logical divisions, for the reason that, if the severity of rust infection in these 
divisions is closely associated with seasonal weather conditions, this arrange¬ 
ment of the data would seem best suited to establish the association. 

For purposes of this study, the years of the period just mentioned are 
divided (as shown in Table 6) into three classes, namely, light, medium, 
and heavy rust years, depending on the severity of the infection in the 
different years. Owing to variations in the intensity of the infection 
present in different meteorological divisions in individual years, these class 
designations relate to individual divisions rather than to Western Canada 
as a whole. Table 8 indicates the relative intensity of stem-rust infection 
in the different meteorological divisions for years in which stem-rust 
infection was moderate or severe in any one of the divisions. The other 
years of the period under discussion are regarded as light rust years in all 
the meteorological divisions. 

The meteorological factors considered are humidity, temperature, 
light, and wind. In order to conserve space, data for individual years are 
not presented, except where imperative. For the same reason, the data 
relative to wind are largely restricted to the Red River division in Manitoba, 
where the relation of wind to stem-rust development is most clearly demon¬ 
strable. The data on light (hours of sunshine) and on relative humidity 
are given for certain stations, which may be regarded as representing the 
divisions in which they are situated. Owing to marked yearly differences, 
during the growing season, in the amount and frequency of rainfall in 
different parts of each division, and to rather wide fluctuations in tempera¬ 
ture from day to day, and even in a single day, it is virtually impossible 
closely to relate such differences and fluctuations to the general develop¬ 
ment of stem rust in any given year. Perhaps the best that can be done is 
to determine if, in the different divisions during the period under review, 
the averages of the meteorological data for the medium and the heavy rust 
years show an appreciable deviation from those for the light rust years 
and for the whole period. Therefore, the data are given, wherever possible, 
as averages for each class of years. 


Table 8.—Severity of stem-rust infection on wheat, by meteorological 
DIVISIONS, IN Manitoba, Saskatchewan, and Alberta in medium 
AND HEAVY RUST YEARS BETWEEN 1916 AND 1938 



Manitoba 


Saskatchewan 



Alberta 


Year 





North 

South 

North 





and 

Qu'Ap- 

Saskat- 

Saskat- 

Saskat- 

Saskat- 

Red 

Bow 



Assiniboine 

Rivera 

pelle 

River 

chewan 

Fvkrks 

chewan 

River 

chewan 

River 

chewan 

River 

Deer 

River 

River 

1916 

H* 

H 

H 

M 

L 

L 

L 

L 

L 

1919 

M 

M 

M 

M 

M 

L 

L 

L 

L 

1921 

M 

M 

M 

M 

M 

L 

L 

L 

L 

1923 

H 

H 

H 

M 

L 

M 

L 

M 

M 

1924 

M 

M 

L 

L 

L 

L 

L 

L 

L 


M 

M 

M 

M 

L 

L 

L 

L 

L 


H 

H 

H 

M 

M 

L 

M 

M 

L 


M 

M 

M 

L 

L 

L 

L 

L 

L 


H 

H 

H 

M 

L 

L 

L 

L 

L 


M 

M 

L 

L 

I. 

L 

L 

L 

L 


H 

H 

H 

M 

M 

M 

M 

M 

M 


* Signification of symbols: H ■> Heavy infection, M ■> Medium infection, L » Light infection. 
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Relation of Humidity to Stem-Rust Development 

Spore germination and infection are the initial stages in the establish¬ 
ment of stem-rust infection, and these two processes cannot take place 
except in the presence of a sufficiency of moisture. The humidity range 
for germination and infection, unlike the temperature range, is very narrow 
indeed. Beauverie (13) states that urediospores of stem rust require to 
be in contact with liquid water before they will germinate. Stock (214) 
obtained no germination at 90, 95, or 99% relative humidity, and very 
little germination at 100% when no condensation water was present on 
the spores; but abundant germination occurred at 100% humidity when a 
thin film of moisture collected around them. On the other hand, Lauritzen 
(115) obtained some infection on inoculated plants kept at a relative 
humidity of 95%. Regarding this result, it may be pointed out that unless 
the temperature is kept constant there is the possibility that a slight 
temporary drop in temperature may cause the deposition of water droplets 
around the spores, in which case the spores may germinate not in a moist 
atmosphere but actually in water. As a matter of fact, in high air 
humidities, it is difficult to prevent such condensation droplets from 
forming. 

The likelihood is that under field conditions stem-rust urediospores 
only germinate when there is liquid water present on the plants. To 
secure abundant infection, this condition must persist for a considerable 
number of hours. On seedling plants freshly inoculated and placed in 
moist chambers, Stakman and Levine (208) obtained the best infection on 
plants held in the chambers for 48 hours. Gassner and Straib (76) secured 
maximum infection on plants kept in moist chambers for 18 hours at a 
temperature of 62.6°-68° F., but recommend that the period should usually 
be 48 hours. Some infections, however, may occur within a much shorter 
period. Peltier (154) inoculated a series of seedling plants and placed 
them in moist chambers for different periods of time. Infection developed 
subsequently on 1.7% of those kept in the chambers for from 3 to 5 hours, 
on 17% of those kept for 6 hours, on 78% of those kept for 22 hours, and 
on 100% of those kept in the chambers for 36 hours. It would appear, 
therefore, that moisture must be present on the plants for at least a few 
hours to insure that infection, however slight, may be established. 

Amount of Rainfall 

The opinion is very widely held that wet seasons are usually seasons 
of heavy stem-rust infection, and this opinion is supported by numerous 
observations made over a long period of time. Eriksson and Henning (59) 
review the observations made up to 1896 and conclude from these and 
their own observations that the development of stem rust is favoured by 
abundant rain^ll in July and early August, as, at that time of year in the 
areas under r^ew, urediospores are most numerous and readily germin- 
able. Sorauer (188), in 1909, enumerates some of the observations made 
during the preceding two decades on the relation of rainfall to stem-rust 
outbreaks. In general these observations indicate an association between 
periods of wet weather and severe attacks of stem rust. This association 
betwteen wet seasons and heavy rust has been very frequently observed 
(9, 13. 14, 17. 25, 34, 37, 47, 143, 172, 199, 215, 222, 227). Freeman and 
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Johnson (67) point out that in the United States although cereal rusts are 
practically coextensive with their hosts, they are generally only a menace 
to cereal crops in areas with an annual rainfall of 20 or more inches. Levine 
(118) found that 90 to 100% infection of stem rust on wheat occurred at 
stations only where the precipitation exceeded 2.5 inches during the last^ 
two months of wheat development. 

On the other hand, it is generally recognized that drenching rains tend 
to wash off the spores from the plants and thus limit the number of infec¬ 
tions. According to Eriksson and Henning (59) this observation was 
made by Nielsen in 1874, and subsequently by Wold and by Sorauer^ 
Bolley (23), Klebahn (111), Freeman and Johnson (67), and Stakman 
(189) made the same observation. Bolley points out that rain by day is 
of little consequence for infection unless the rain is light and the weather 
cloudy. Klebahn remarks that it is the humid atmosphere after rain that 
favours infection and that this condition can be brought about better by 
drizzling rain than by heavy showers. Roussakov (170) regards long 
continued light rain as more conducive to rust development than heavy 
showers, and rain at night more so than rain by day. He is of the opinion 
that rust development is not so much dependent on the total amount of 
rain as on the duration and frequency of the rains. 

That rust infestation is not alw^ays severest in seasons of highest 
rainfall is shown by Freeman and Johnson (67) in a study of weather 
conditions during the 3-year period 1903-05 in the Mississippi Valley. In 
this area, stem-rust infection was of moderate intensity in 1903, somewhat 
heavier in 1905, and extremely severe in 1904. An analysis of the precipi¬ 
tation data showed that the year 1905 had a greater rainfall than either 
1903 or 1904, whether the period studied covered the seven months or the 
three months prior to harvest, or the month in which the grain headed. 
During the three months preceding harvest, the rainfall in 1904 was below 
normal in all but 3 of the 10 States embraced in the study, namely, in 
Kansas, Missouri, and North Dakota. Furthermore, Gassner (71) relates 
that, in Uruguay, there is no relation between the amount of rain and the 
amount of stem-rust infection. Zekl (238) states that seasons of heavy 
infection have low precipitation but high atmospheric humidity. Lambert 
(113) concludes from a comprehensive .study of the relation of humidity to 
stem-rust development in the Upper Mississippi Valley that differences in 
the total precipitation during May, June, and July did not seem to be 
associated in any way with the development of stem-rust epidemics. He 
remarks that ‘‘severe epidemics sometimes develop in parts of the Red 
River Valley in which rainfall is totally absent” while the attack is 
developing. 

Rainfall in Western Canada, The belief is very commonly held by 
farmers and others in Western Canada that there is a close association 
between wet seasons and heavy outbreaks of stem rust. This association 
was mentioned by Bedford (17) in 1903 and again by Bracken (25) in 
connection with the 1916 epidemic. In order to determine to what extent 
seasonal rainfall is associated with outbreaks of .stem rust, rainfall data for 
the nine meteorological divisions earlier mentioned have been assembled 
for the spring and summer months from 1916 to 1938, and are presented in 
Tables 9, 10, and 11. The data for the months of April and May are 
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combined in Table 11, as the rainfall of these two months does not directly 
influence the development of stem rust, the disease being not then present. 
The amount of rainfall in these two months, however, influences crop 
growth and thus indirectly stem-rust development. 

Table 9 gives the means of the rainfall for the 5-month period April to 
August and for the 3-month period June to August in the nine meteoro¬ 
logical divisions earlier mentioned. This table shows that in each of the 
divisions the average rainfall for the S-month period, as well as for the 
3-month period, is greater both in the medium and in the heavy rust years 
than in the light rust years, and hence the respective means for the whole 
period of years occupy in each division an intermediate position between 
the medium and heavy rust years and the light rust years. There is, 
therefore, a distinct tendency in Western Canada for years of medium or 
heavy rust infection to be associated with years of above-average spring 
and summer rainfall. 

Table 9.—Mean rainfall in Manitoba, Sasbcatchewan, and Alberta, by meteoro¬ 
logical DIVISIONS, FOR the S-MONTH PERIOD ApRIL TO AUGUST AND FOR THE 

3-month period June to August, from 1916 to 1938, for years 

IN WHICH STEM RUST WAS LIGHT, MEDIUM, AND HEAVY 
IN THE DIVISIONS INDICATED 





Rainfall* 


Meteorological Divisions 

Months 

Light 

Medium 

Heavy 

23-year 

period 



in. 

in. 

in. 

in. 

Manitoba 






Red River 

April - August 

9.13 

12.52 

11.33 

10.49 


June - August 

6.75 

8.68 

7.61 

7.44 

Qu’Appelle and Assiniboine 

April ~ August 

9.61 

11.17 

13.18 

10.80 

Rivers 

June ~ August 

7.11 

7.51 

9.75 

7.79 

Saskatchewan 






Qu’Appelle River 

April - August 

8.07 

9.84 

11.76 

9.18 

June - August 

5.77 

7.39 

8.64 

6.67 

Saskatchewan Forks 

April - August 

7.82 

10.86 

— 

8.88 


June - August 

5.72 

8.11 

— 

6.54 

South Saskatchewan. River 

April - August 

7.63 

9.80 

— 

7.81 


June - August 

5.73 

7.22 

— 

5.85 

North Saskatchewan River 

April - August 

8.40 

9.60 

— 

8.61 


June - August 

6.30 

6.46 

— 

6.33 

Alberta 






Bow River ^ 

April - August 

8.78 

12.20 

— 

9.08 

* 

June - August 

5.61 

7.75 

— 

5.79 

Red Deer River 

April - August 

9.87 

12.97 

— 

10.27 


June-August 

6.86 

9.18 

— 

7.12 

North Saskatchewan River 

April - August 

10.13 

11.00 

— 

10.21 


June - August 

7.36 

7.97 


7.45 


* Amount of rainfall expretted in Inchet. 
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On the other hand, it should be pointed out that all heavy rust years 
were not wet years, or conversely, all wet years, heavy rust years. This 
fact is evident from Table 10, which gives departures from the normal in 
the amount of rainfall during the S-month period April to August and the 
3-month period June to August in certain years for five meteorological 
divisions of Western Canada. The years for which data are given comprise 

Table 10.—Departures from the normal in the amount of rainfall from April to 
August and from June to August in certain years between 1916 and 
1938 IN five meteorological divisions of Western Canada: 
medium and heavy rust years in which the rainfall was 
BELOW normal, AND LIGHT RUST YEARS IN WHICH 
THE RAINFALL WAS ABOVE NORMAL 


Meteorological 

Divisions 

Medium and heavy rust years 

Light rust years 

Year 

Apr.-Aug. 

June-Aug. 

Year 

Apr.-Aug. 

June-Aug. 



in.* 

in. 


in. 

in. 

Red River 

1916 

- 0.24 

_ 

1918 

-f 0.51 

4- 0.91 


1923 

- 2.30 

- 1.29 

1922 

+ 1.31 

4- 0.26 


1925 

- 0.29 

— 

1926 

— 

4- 0.91 


1938 

- 1.04 

- 1.09 

1928 

+ 4.96 

4- 5.36 

Qu’Appelle and 

1919 

_ 

- 0.34 

1922 

+ 0.70 

4- 0.76 

Assiniboine Rivers 

1921 

- 0.45 

- 1.14 

1926 

— 

4* 0.56 


1924 

— 

- 0.29 

1928 

+ 1.20 

4- 1.81 


1925 

- 0.75 

— 

1931 

— 

+ 0.46 


1930 

- 0.15 

- 0.74 

1932 

-f 0.70 

4- 1.31 


1938 

- 2,60 

- 1.74 

1936 

-f 2.35 

4- 0.86 

Qu’Appelle River 

1919 

- 0.33 

~ 0.16 

1922 

+ 0.70 

— 


1925 

- 0.53 

— 

1926 

— 

4-0.56 


1930 

- 1.78 

- 1.37 

1928 

+ 1.20 

4- 1.81 


1938 

- 0,93 

- 0.64 

1931 

— 

4- 0.46 





1932 

+ 0.70 

4- 1.31 





1936 

+ 2.35 

4- 0.86 

South Saskatchewan 

1938 

- 0.26 

- 1.25 

1916 

+ 6.54 

4- 5.65 

River (Sask.) 




1920 

-f 0.84 

— 





1921 

+ 0,84 

— 





1922 

-f 1.74 

4- 1.00 





1924 

-f 0.34 

4- 0.20 





1925 

+ 1.09 

— 





1927 

-f 5.49 

4- 0.75 





1928 

4- 1.09 

4- 1.85 





1930 

— 

4- 0.75 





1932 

-f 3.24 

4- 2.30 





1933 

4-1.19 

— 





1935 

4- 1.64 

— 

North Saskatchewan 

1938 

- 0.90 

- 0.17 

1916 

4- 3.89 

4- 3.35 

River (Alta.) 




1921 

4- 0.44 

4“ 0.25 





1923 

4- 3.34 

4- 3.65 





1924 

4- 0.89 

4- 0.90 





1928 

— 

4- 0.65 





1930 

4- 1.09 

4- 1.20 





1931 

4- 1.39 

4- 2.80 





1932 

-f 0.44 

— 





1935 

4- 1.99 

4- 1.00 





1937 

4- 0.59 

4- 0.80 


Departures from normal in amount of rainfall expressed in inches. 








Table 11. —Mean monthly rainfall in Manitoba, Saskatchewan, and Alberta, by meteorological divisions, for the months 
OF April, .May, June, July, and August from 1916 to 1938, for years in which stem rust 
was light, medium, and heavy in the divisions indicated 
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those medium rust years and those heavy rust years in which the rainfall 
for the periods indicated was below normal, and those light rust years in 
which the rainfall for the same periods was above normal. The first three 
of the divisions for which data are given embrace most of the bad rust area; 
the other two may be regarded as representing the area relatively free in 
most years from stem-rust attacks. Table 10 shows that in the Red River 
division the rainfall for the two periods was definitely below normal in 2 
(1923 and 1938) of the 5 epidemic years, and slightly below normal for 1 
period (April to August) in 1 other epidemic year (1916) and in 1 medium 
rust year (1925). In the same division, the rainfall was above normal for 
the April to June period in 3, and for the June to August period in 4 light 
rust years. In the second division (Qu’Appelle and Assiniboine Rivers), 
there was less than normal rainfall for at least one of the periods in 5 
medium rust years and in 1 heavy rust year, while there was above-average 
rainfall for at least one of the periods in 6 light rust years. In the 
Qu’Appelle River division, 3 medium rust years and 1 heavy rust year had 
less than normal rainfall in at least one of the periods, whereas 6 light rust 
years had above-average rainfall. 

In the two more westerly divisions (South Saskatchewan River in 
Saskatchewan and North Saskatchewan River in Alberta), the rainfall in 
a considerable number of the light rust years was above normal for at least 
one of the periods. vSome of these years are classed as heavy rust years 
(e.g, 1916, 1923, 1927, and 1935) or as medium rust years (e.g. 1921, 1925, 
and 1930) in the first three divisions. Attention may be called to the 
excessive rainfall in both of these westerly divisions in 1916, and in one 
of them in 1927 and in the other in 1923. The failure of stem rust to 
reach epidemic proportions in these three years in the westerly divisions of 
Western Canada was certainly not due to lack of rainfall. If it had been, 
the Red River division (Manitoba) would be expected to have been com¬ 
paratively free of stem rust in 1916, for in that year the rainfall in the 
South Saskatchewan division and in the North Saskatchewan division 
(Alberta) was, respectively, for the 5-month period 14.35 and 14.10 inches, 
and for the 3-month period, 11.45 and 10.75 inches, whereas, in the Red 
River division, where severe infection developed, the rainfall for the 
5-month period was 10.25 and for the 3-month period 7 55 inches. Further¬ 
more, stem rust was of medium or vsevere intensity in 1938 in all of the 
meteorological divisions, but the rainfall was below normal for both periods 
in all divisions. Conversely, in 1928, rainfall was above normal for the 
June to August period and for the April to August period in all divisions 
excepting the North Saskatciicwan division of Saskatchewan, and of 
Alberta. In some of the divisions, the excess over the normal rainfall was 
very pronounced in that year, as, for instance, in the Red River division in 
Manitoba. In spite of the exceptional rainfall, the amount of stem-rust 
infection was small, in fact about the smallest in any of the years under 
review. It would appear, therefore, that although an association betw’een 
years of heavy seasonal rainfall and years of medium and of heavy stem-rust 
infection does undoubtedly exist in Western Canada, the association is not 
necessarily a close one and it seems to be dependent on some other factor 
or factors, chiefly, perhaps, on the abundance of inoculum. 
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This conclusion is supported by the fact that in 1938 rainfall was 
below normal in western Saskatchewan and in Alberta, yet stem rust was 
of medium severity in both these areas. In that year, according to Stak- 
man (197), heavy infection extended unusually far westward in the 
Mississippi Valley, into Colorado, Wyoming, and Montana. It would 
seem, therefore, that the widespread occurrence of moderately heavy 
infection in western Saskatchewan and in Alberta in a comparatively dry 
year was in no small measure attributable to the introduction of an abund¬ 
ance of inoculum, which introduction was made possible by the unusually 
far westward extension of heavy stem-rust infection in States to the south 
and southeast of these two areas. This point will be mentioned again in 
connection with the discussion of winds favourable to the introduction of 
spores into different parts of Western Canada. 

To ascertain if the higher average rainfall of the medium and the 
heavy rust years is due to an increased rainfall in any particular month, 
the rainfall data for the spring and summer months are summarized by 
months in Table 11 for the same meteorological divisions. In this table, 
it is seen that the excess of rainfall in the medium and the heavy rust years 
over the rainfall of the light rust years is spread over the five months. 
That is to say, the excess is not accounted for by exceptionally heavy rain 
in some particular month. The average rainfall in April to May and in 
July in all divisions is higher in the medium and the heavy rust years than 
in the light rust years; whereas, the average rainfall in June in two divisions, 
and the average rainfall in August in three divisions, is slightly less in the 
medium rust years than in the light rust years. It would appear, therefore, 
that in the medium and the heavy rust years the April to May and the 
July rainfall was more consistently above average than was the June or 
the August rainfall. 

Frequency of Rainfall 

Such terms as damp, humid, moist, rainy, and wet, are commonly 
used in the literature to describe weather conditions associated with severe 
outbreaks of stem rust, and there is little doubt that in most cases they 
imply the frequent occurrence of rain in greater or less amount and of 
varying duration. Roussakov (170) expresses the opinion that stem-rust 
development is not so much dep)endent on the total amount of rainfall as 
on the duration and frequency of rain, but Klebahn (111) believes that a 
very high frequency of rain, like heavy rainfall, does not provide the best 
conditions for the spread of the disease. Tehon and Young (215) show 
that in Illinois the severe outbreak of stem rust in 1923 wa^ preceded by 
more than a week of rainy days, and that frequent rains fell during the 
period in which the disease was becoming established. Peltier (157) states 
that in most years in Nebraska the lack of an even distribution of sufficient 
precipitation after ipimary infection occurs is the major limiting factor in 
the development onRibsequent uredial generations. Tiemann (218) relates 
that in Silesia heavy showers at intervals occurred during June and July 
while the heavy attack of 1932 was in process of development. In his 
study of stem-rust outbreaks in the Upper Mississippi Valley, Lambert 
(113) finds that during the 22-year period 1904-1925 there was no evident 
association between years of severe infection and years with a high number 
of days on which rain in measurable amounts fell. 
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In the present study, the relation between the occurrence of heavy out¬ 
breaks of stem rust and the number of days with rain during the growing 
season was given consideration. The relevant data are summarized in 
Tables 12 and 13. Table 12 shows that the average number of days with 
0.01 or more inches of rain during the 3-month period June to August in 
the first three meteorological divisions was upwards of 4 or more days 
higher in the heavy lUst years than in the light rust years, and, in all the 
divisions, the number is higher in the medium rust years than in the light 
rust years, although in two divisions the difference is very slight. Table 13 
shows that the days with rain are more or less evenly distributed through 
the three months and that there is a tendency in each of the three months 
for the heavy rust and the medium rust years to have more rainy days 
than the light rust years. In two ot the divisions, however, the number of 
days with rain in June is less in the medium rust years than in the light 
rust years, and less also in August in one of these divisions. It is evident, 
therefore, that in Western Canada years with a high number of rainy days 
during the growing season tend to be associated with years of medium or 
heavy stem-rust infection. 

Table 12.—Mean number of days with 0.01 or more inches of rain in Manitoba, 
Saskatchewan, and Alberta, by meteorological divisions, for the 3-month 
PERIOD June to August, from 1916 to 1938, for years in which stem rust 
WAS light, medium, and heavy in the divisions indicated 


Meteorological Divisions 

Light 

Medium 

Heavy 

23-year 

period 

Manitoba 

days 

days 

days 

days 

Red River 

22.0 

24.3 

26.2 

23.5 

Qu’Appelle and Assiniboine Rivers 

24.7 

25.0 

29.0 

25.7 

Saskatchewan 





Qu’Appelle River 

22.8 

23.2 

26.6 

23.6 

Saskatchewan Forks 

25.7 

30.0 

— 

27.1 

South Saskatchewan River 

20.4 

26.0 

— 

20.9 

North Saskatchewan River 

24.3 

24.7 

— 

24.4 

Alberta 





Bow River 

21.0 

30.5 

— 

21.9 

Red Deer River 

28.3 

32.0 

— 

29.0 

North Saskatchewan River 

27.9 

28.5 


28.0 


The association, however, seems not to be a close one. For example, 
in the Red River division, the number of days with rain was below normal 
in 2 heavy rust years (1916 and 1923) and in 2 medium rust years (1919 
and 1930), while in 4 light years (1922, 1928, 1932, and 1934) the number 
was above normal. In the other Manitoba divisions (Qu’Appelle and 
Assiniboine Rivers), 4 medium rust years had less than the normal number 
of days with rain and 5 light rust years had more than the normal number. 
In the other division, the number of light rust years with an above-average 
number of days with rain increased progressively westward, the Red Deer 
River and the Bow River divisions having each 11 years with more than 
the average number of rainy days. What significance a higher-than- 
normal frequency of days with rain during the growing season may have 
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on stem-rust development, would appear to depend on circumstances. It 
is probable that the timeliness of rain in relation to the occurrence of spore 
showers would be of more significance than the actual number of rainy 
days in a season. There is, of course, as a matter of chance, a greater 
probability of timeliness of rain when the days of rain are above average i 
than when they are below average. The timeliness of rains with respect i 
to the occurrence of spore showers will be considered further in connection 
with the discussion on the interrelation of factors influencing the develop-' 
ment and spread of stem rust. 

Table 13. —Mean number of days with 0.01 or more inches of rain in Manitoba, 
Saskatchewan, and Alberta, by meteorological divisions, for the months 
OF June, July, and August, from 1916 to 1938, for years in which 
stem rust was light, medium, and heavy 
IN the divisions indicated 


Meteorological Division 


June 



July 



August 


Light 

Medium 

Heavy 

Light 

Medium 

Heavy 

Light 

Medium 

Heavy 

Manitoba 

days 

days 

days 

days 

days 

days 

days 

days 

days 

Red River 

Qu’Appelle and 

8.2 

9.5 

8.8 

7.1 

7.5 

9.4 

6.7 

7.3 

8.0 

Assiniboine Rivers 

Saskatchewan 

9.1 

9.8 

10.2 

7.9 

7.6 

10.4 

7.7 

9.1 

8.4 

Qu’Appelle River 

8.7 

9.7 

10.2 

6.9 

7.2 

9.2 

7.2 

6.2 

7.2 

Saskatchewan Forks 

South Saskatchewan 

9.4 

10.8 

— 

7.8 

10.6 

— 

7.8 

8.5 

— 

River 

North Saskatchewan 

8.4 

10.0 

— 

6.4 

9.0 

— 

5.6 

7.0 

— 

River 

Alberta 

9.6 

7,5 


7.6 

10.0 


7.3 

7.2 


Bow River 

8.2 

12.0 

— 

6.1 

10.5 

— 

6.6 

8.0 

— 

Red Deer River 

North Saskatchewan 

10.3 

10.0 

— 

8.7 

12.0 

— 

9.3 

10.0 

— 

River 

9.6 

8.5 

— 

’ 9.5 

10.5 

— 

8.7 

9.5 

— 


Occurrence of Mist and Fog 

Wherever mist or fog is of frequent occurrence in grain-growing areas, 
both are undoubtedly important factors in promoting stem-rust infection. 
Klebahn (111) emphasizes the r61e played by fog, and Freeman and Johnson 
(67) assert that misty weather is particularly favourable for infection. 
Misty or foggy weather, although it would promote infection, would not, 
however, provide suitable conditions for the development of the organism 
within the plant tissues, as such weather is usually cool and dull, whereas 
warmth and sunshin^as mentioned elsewhere in this paper, are needed by 
the fungus to stimi^te growth and spore production. If inoculum is 
present, a day or two of misty or foggy weather followed by bright warm 
days would favour stem-rust development. 

Mists and fogs rarely occur in Western Canada during the growing 
^asoni^. For the years under review, records of the occurrence of mist 
seem to be entirely wanting, and to a large extent the same may be said 
of fog in all but a few district^ where the local topography favours its 
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formation. From 1916 to 1923, fog was of more frequent occurrence at 
Minnedosa, Manitoba, than at any other point in the grain-growing area, 
but the average number of days on which it occurred from June 15 to 
July 30 was 4 for the light and the medium rust years and 3 for the heavy 
rust years During these 13 years, fog is rarely recorded at any other 
station in the cultivated area of Manitoba. For example, at Winnipeg, it 
was reported only on July 10, 1916, and on July 6 and 16, 1917. At a few 
stations in Saskatchewan, such as Battleford, Swift Current and Qu’Appelle, 
the average occurrence is 1 or less than 1 each year. After 1928, the dates 
on which fog occurred are not given in the meteorological reports, so that 
the dates of its occurrence in June and July are not known; but at Minne¬ 
dosa it was not reported during these two months in any year more than 
3 times and the average occurrence for the ten years is 1 per year. The 
highest average for any of the Saskatchewan stations is slightly less than 
that for Minnedosa. It would ajif^ear, therefore, that in Western Canada 
fog is a factor.of little consequence in the promotion of stem-rust epidemics, 
although if viable inoculum is present where and when it occurs, it un¬ 
doubtedly presents favourable conditions for infection. 

Relative Humidity of the A ir 

Owing to the dependence of stem rust on the presence of moisture to 
facilitate the germination of spores and the infection of plants, it might be 
regarded as a logical deduction that seasons of high atmospheric relative 
humidity would be associated with seasons of vsevere outbreaks of the 
disease. In this connection, it would he well to distinguish between 
moisture present in the air as rain, mist, or fog, and moisture present as 
water vapour. The relativ'e humidity of the air at any given time repre¬ 
sents the capacity of the air to hold water in the form of vapour, and is 
expressed as a percentage of this capacity. It xaries from day to day, 
and even from hour to hour, depending on the amount of water vapour 
present and the air temperature. If the actual amount of water vapour 
present in the air remains unchanged, the relative humidity falls as the 
temperature rises, and rises as the temperature falls. A greater or less 
amount of water vapour is always pre.sent in the air and it is the source of 
all precipitated moisture. If fog or mist is present or rain is falling, the 
relative humidity is high, the air being at or nearly 100% saturation. 
When the relative humidity and the temperature are b )th high, the weather 
is sultry and feels oppressive. 

In the different studies that have been made on the relation of weather 
conditions to the development of stem rust, only a few give consideration 
to the relative humidity of the air, a fact which may mean that the relative 
huniidity of the air—as distinct from the occurrence of precipitated mois¬ 
ture—during the development period of the disease, is of comparatively 
minor importance. Freeman and Johnson (67) show, in a comparison of 
the relative humidity in the Mississippi Valley during the month containing 
the critical period for stem rust in the several States of that area, that the 
relative humidity in 1903 was about normal, in 1904 about 1.6% above 
normal, and in 1905 approximately 6.0% above normal. Stem rust was 
extremely severe in 1904, but although very prevalent in 1905 was con¬ 
siderably less destructive than in 1904. In 1903 it was of moderate 
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intensity. If the intensity of infection bore a direct relationship to the 
height of the relative humidity, infection should have been least in 1903, 
which it was, and greater in 190S than in 1904, which it was not. Accord¬ 
ing to Gassner (71), the prevalence of stem rust in Uruguay is not associated 
with high relative humidity, as the humidity is highest in winter when the 
rust is least evident or absent. He points out, however, that in summer, 
owing to the lower temperatures at night, the relative humidity in the 
early morning reaches or almost reaches the saturation point every day, 
thus favouring spore germination and infection. Lambert (113) is inclined 
to the belief that the high relative humidity of the morning air in the Red 
River Valley in Minnesota is correlated with the occurrence of dew, a 
factor which he regards of much importance in the promotion of stem-rust 
attacks. Tiemann (218) states that in the vicinity of Breslau, Germany, 
in 1932, wheat became heavily rusted in July, and that for this month the 
relative humidity averaged 88%, an excess over that of the two previous 
years of 10 to 12%. Zekl (238) claims that epidemics of stem rust occur 
in seasons of low precipitation and high atmospheric humidity. 

. To ascertain if high relative humidity during the growing season is 
characteristic of heavy rust years in Western Canada, an examination has 
been made of data for several stations in this area for the 23-year period 
under review. Table 14 presents the general means of the average daily 
relative humidity for June, July, and August at Winnipeg and Minnedosa 
in Manitoba, at Qu’Appelle, Saskatoon, and Swift Current in Saskatchewan, 
and at Medicine Hat and Edmonton in Alberta, for light, medium, and 
heavy rust years. 


Table 14. —Mean relative humidity for the months of June, July, and August, 
FROM 1916 TO 1938, at the seven stations indicated, for years in which 

STEM rust was LIGHT, MEDIUM, AND HEAVY IN THE METEOROLOGICAL 
divisions represented by THE STATIONS 


Station 

June 

July 

August 

Light 

Medium 

Heavy 




Light 

Medium 

Heavy 

Winnipeg 

67.3 

70.6 

65.2 

69.9 

70.6 

68.8 

71.3 

73.0 

67.0 

Minnedosa 

73.2 

76.6 

74.4 

72.0 

76.0 

79.0 

76.0 

77.3 

77.2 

Qu*Appelle 

69.0 

68.8 

69.6 

69.2 

67.0 

75.0 

69.9 

66.6 

73.0 

Saskatoon 

62.7 

64.8 


60.7 

66.4 

— 

64.7 

69.1 

— 

Swift Current 

62.7 

7LS 


60.4 

66.0 


61.3 

66.0 

— 

Medicine Hat 

61.6 

66.5 


56.8 

63.0 


59.7 

;54.0 

— 

Edmonton 

62.4 

65.0 

H 

66.3 

70.0 

B 

68.7 

71.0 

— 


The data show that the relative humidity is slightly higher at Winni¬ 
peg, but slightly lowaf^t Minnedosa and Qu’Appelle for each of the three 
months in the light rust years than in the heavy rust years. At all of the 
stations, except Qu’Appelle, the medium rust years have a higher average 
relative humidity in these months than have the light rust years. On the 
other hand, the relative humidity is higher, except in two or three instances, 
in each month at Winnipeg, Minnedosa, and Qu'Appelle in the Rght rust 
years than at the other stations in the medium rust years. There seems, 
however, to be a slight tendency in Western Canada for seasons in which 
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stem-rust infection was light to have a somewhat lower average relative 
humidity than seasons in which infection was more pronounced. The 
tendency seems more evident in the more westerly parts of this area. As 
the differences between the average percentages of relative humidity in 
the light rust class of years and those in the other two classes are small in 
most instances, it is doubtful if the differences have had any appreciable 
effect on the amount of stem rust that developed. It will be seen later 
that the average temperatures for the respective months varied but slightly 
from the normal in any of the three classes of years. Perhaps, therefore, 
at those stations, or rather in the divisions represented by them, where 
there was an appreciable increase in the relative humidity during seasons 
of medium or severe rust infection, dews might have been slightly more 
frequent, or at least more copious, than normal, and, therefore, conditions 
for infection more favourable. The data for Winnipeg, however, show 
that epidemics may develop in the Red River division in seasons when the 
average relative humidity is slightly below that for non-epidemic seasons. 
The average relative humidity in the light rust years at this station is, 
however, somewhat higher each month than in the same years at the four 
most westerly stations, but it is not probable that at these stations the 
relative humidity of the air has been a limiting factor in stem-rust develop¬ 
ment. 

Frequency of Dew 

The frequent occurrence of copious dews at night during the summer 
months is very widely regarded as providing favourable conditions for 
spore germination and plant infection. For these processes, dew is 
obviously a better medium than rain, for dew collects gradually, wetting 
the plant surface uniformly, and is less likely than rain to wash off spores 
from the plants. Eriksson and Henning (59) and Sorauer (188) refer to 
a few early reports in which the occurrence of abundant dew is said to have 
promoted heavy rust infection, and they mention many instances in which 
hot sunny days followed by cool nights during summer are said to have 
provided conditions favourable to rust. The latter weather conditions 
should probably be interpreted to mean that during such periods the 
deposition of dew at night was abundant, although undoubtedly the warm 
day temperatures also had a favouring effect. Bolley (23\ Klebahn (111), 
Freeman and Johnson (67), Roussakov (170) and some others (9, 24, 42, 
71, 106; 118, 218) have emphasized the importance of heavy dews in 
promoting rust infection. Lambert (113) states that in some years heavy i 
stem rust developed in parts of the Red River Valley during periods when 
rain was entirely absent, and he suggests that this was made possible by I 
abundant dew formation during such periods. 

Although no official records are available relative to the frequency or 
abundance of dew formation in Western Canada, it is a well known fact 
that in this region, owing to the rapid radiation that occurs at night, dews 
are both frequent and abundant during the summer months. To gain 
some idea of the approximate number of nights on which dew forms in 
early summer, a computation was made involving the daily temperature 
and relative humidity at 7.00 p.m. and the minimum temperature at night, 
at Winnipeg, for each day of the last two weeks of June and the first week 
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of July over a period of twelve consecutive years. By reference to Table 
42 of the Smithsonian Meteorological Tables (Revised Addition, Wash¬ 
ington, 1896), it was determined from these data for each day whether or 
not the relative humidity at 7.00 p.m. and the fall in temperature after 
7.00 p.m. were sufficiently great to reduce the water-holding capacity of 
the air to the dew point. The relative humidity data a!pply to the air at 
a point 4 feet above ground level. As the data are only indicative, and, 
as their presentation would be cumbersome, they are omitted here, although 
those for three or four years are included subsequently in Table 26. It 
was found that the temperature-humidity relation was such as to indicate 
that, at 4 feet above ground, the air reached the dew points on from 65 to 
70% of the nights during those three weeks. 

On some of the nights for which dew formation is indicated, the wind 
velocity was too great to permit the deposition of dew, but how frequently 
this happened is not known, as the wind often abates considerably after 
sunset, and hence its velocity at 7.00 p.m. is not a very accurate index of 
its velocity between midnight and early morning. The number of nights, 
however, on which wind prevented the formation of dew in the period 
discussed was probably comparatively small in any particular yeai. On 
the other hand, the humidity of air within the standing crops during periods 
of dry weather is probably appreciably higher than that of the surrounding 
air, as there is considerable loss of moisture from the soil as well as from the 
plants themselves, and as the air amongst the plants is less subject than the 
air outside to disturbance by wind. Roussakov (171) found that during 
night in dry summers in the south-eastern Russian steppes the relative 
humidity in the midst of crops at a point about 4 inches above ground level 
is from 15 to 50% higher than that outside them at a level approximately 
4 feet above ground; although, during daytime and in wet seasons, the 
data did not warrant the drawing of conclusions. In dry weather, the air 
about the upper half of the plants would probably, therefore, have a higher 
humidity than that outside them, and as it is from these parts that radiation 
is most pronounced, dew was probably present on them on some nights in 
which dew formation was not indicated by the humidity and temperature 
data. 

At any rate, the deposition of dew on the plants at night is of very 
frequent occurrence during the summer in Western Canada. If the crops 
are thick and rank, as they usually are in bad rust years, dew droplets 
frequently persist on the more sheltered parts of the plants throughout the 
morning until well on toward noon. There can be little doubt that stem- 
rust infection in Western Canada is very definitely facilitated by the 
occurrence of frequent dews. 


RELAT^k 


OF Temperature to Stem-Rust Development 


The cardinal temperatures for development of the uredial, or summer, 
stage of stem rust have been determined under controlled conditions. 
Johnson (103) found that, for urediospore germination, the minimum and 
maximum temperatures were near 35® and 88® F., respectively, and the 
optimum range between 53® and 63® F. His results are in general agree¬ 
ment with those of Meht^i (130), Stock (214), and Wilhelm (236), although 
these investigators, and others (36, 137, 237) found the upper limit of the 
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optimum range to be slightly higher, about 68® F. Sibilia (184) states that 
exposure of urediospores to a temperature of from 95® to 99® F. completely 
inhibited germination. Hwang (97) found, however, that urediospores of 
Race 36 of stem rust could withstand very well a temperature of 111® F. 
for 48 hours, but that, at 122® F., they lost vitality rapidly and all were 
dead within 60 hours. At 140® F., more than one-half of the spores lost 
their vitality in 4 hours, and none were viable after IS hours. 

For infection and the subsequent development of the organism within 
the host, the optimum temperature is somewhat higher than for spore 
germination. Stakman and Levine (208) found the best rust development 
between 66.5® and 70® F., while Peltier (151) found it to be somewhat 
higher, between 68® and 77® F., and Gassner and Straib (76), slightly lower, 
between 62.6® and 68® F. Mattras (124) found the optimum range to be 
wider, between 64.4® and 77® F., and this range corresponds closely with 
that at which Johnson and Newton (104) obtained best development. 
Vigorous stem-rust development may, therefore, be expected to take place 
at temperatures between 65® and 75® F. 

Temperatures above or below the optimum tend to retard stem-rust 
development. Lauritzen (115) obtained slight infection at 45.5® F. but 
none at 42® F. (one experiment only). Peltier (151) states that develop¬ 
ment was practically suspended when the temperature fell to 50® F. or 
rose to 86® F. He observed no development at 41® F. after a period of 
9 weeks. Mehta (130), however, records limited spore formation at 40® F. 
after 3 weeks; but, after the same lapse of time, Gassner and Straib (76) 
observed no evidence of development at temperatures between 46.4® and 
57.2® F. They found the stem-rust fungus to be relatively resistant to 
the protracted action of high temperatures (86® to 95® F.), a finding sup¬ 
ported by Johnson and Newton (104), who obtained rust development on 
wheat and oats at temperatures between 95® and 99® F. At these tempera¬ 
tures, however, development was noticeably less vigorous than at some¬ 
what lower temperatures. Stakman and Levine (208) observed a retarda¬ 
tion in the incubation period of 1 day for every rise in temperature of 10 
degrees above 70® F. and of 1 day for every fall of 5 degrees below 66.5® F. 
A somewhat more pronounced retardation in rate of growth was found by 
Melander (137) in Race 35, which, at 68® F., produced spores normally 
within 10 or 11 days, but, at 50® F., within 18 days. 

Although stem-rust development may become largely suspended at 
extreme temperatures, say, at a low of 40® F. and a high of 100® F., the 
organism in the host plant is not killed by these temperatures, and can 
resume development when temperatures become less extreme. Indeed the 
organism can survive much lower temperatures and considerably higher 
onesi. Melander (137) found that the mycelium of wheat stem rust was 
capable of growth after storage for 80 days at temperatures just at and 
above the freezing point. As a matter of fact, he showed that, at this 
temperature, urediospore production was quite possible, although some 
races were better able than others to develop under such conditions. From 
his results, he concludes that the organism in the host tissue can withstand 
as low a temperature as the host plant can endure, thus confirming the 
earlier findings of Stakman and Levine (208). Apparently, too, the 
organism can survive about as high a temperature as can be tolerated by 
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the host. In one experiment, Stakman and Levine (208) subjected newly 
infected plants during the incubation period to a maximum daily tempera¬ 
ture of 103.5® F. and a minimum daily mean of 71.1® F. and obtained a 
moderate degree of infection. Johnson and Newton (104) record that, in 
1936, between June 27 and July 15, the temperature in the greenhouse 
rose as high as 116® F., the mean daily maximum being 99.6® F. and the 
mean daily minimum 66.8® F. Infection developed in wheat seedlings 
inoculated on June 27, and, although in some races of the rust, the infection 
types were abnormal, other races (e.g.. Race 48), seemed uninfluenced by 
such temperatures. At a uniform temperature of 95® to 99® F., moderately 
good development occurred in some races but not in others. Both host 
and organism showed evidence of decreasing vigour at these temperatures. 
Cassell (36) showed that Race 15 could survive an average temperature of 
105® F., with a maximum of 131® F., for 14 days. 

A comparison of the optimum temperatures for the growth of the 
cereal host with the optimum for stem-rust development brings out an 
interesting relationship. It has just been seen that the optimum tempera¬ 
ture for spore germination lies approximately between 55® and 65® F., and 
for stem-rust development, between 65® and 75® F. A temperature 
between 60® and 70® F. may, therefore, be regarded as well suited to stem 
rust. It was found by Peltier (151) that for eight different varieties of 
wheat, the best growth occurred between 59° and 68® F., and by Hutcheson 
and Quantz (96), that, for one variety each of wheat, oats, barley, and rye 
the best development occurred at 62®, 65® to 75®, 58® to 62®, and 62® F., 
respectively. Although the optimum temperature for cereals may vary 
somewhat with the species or with the variety, it may be said, in general, 
that the range of temperature that permits good development of the parasite 
also permits good growth of the hosts. Temperatures below or above the 
optima tend to retard, and, if the departure is sufficiently great, even 
inhibit growth both of the organism and of the hosts. 

It would appear from the observations and studies of many different 
investigators that hot weather is generally associated with severe out¬ 
breaks of stem rust in the Mississippi Valley. Walster (227), in a com¬ 
parison of five epidemic and five non-epidemic years, showed that during 
the growing season maximum temperatures rose more rapidly and reached 
their highest point sooner in epidemic years than in non-epidemic years. 
Tehon and Young (215) considered that in Illinois a mean temperature of 
71.5® F. (accompanied by high humidity) was optimum for field infection. 
For the period 1919 to 1923, Levine (118) found a definite correlation 
between the mean temperature of the last two months of the growing 
season (July and August in Western Canada) and the severity of stem rust. 
The correlation coefficient, however, was rather low (+ 0.283 ± 0.038). 
No infection c^eloped at stations where the mean temperature was below 
60® F., but h^^ infection developed at stations where the mean tempera¬ 
ture was comparatively high (ranging from 66® to 72® F.), Waldron (224, 
225) points out that in North Dakota the mean temperature for July, 
1916, was the hottest on record, being 4.7® F. above normal, and that for 
July, 1935, the next hottest. Extremely severe stem-rust epidemics 
occurred in both these years. 
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Stakman and Lambert (207), in a study of the effect of temperature 
on stem-rust development in the Upper Mississippi Valley (Minnesota, 
South Dakota, and North Dakota), found that for the period studied 
(1904-1925, inclusive) there was ‘‘a tendency for destructive epidemics to 
develop in warm growing seasons and for cool seasons to be comparatively 
free from rust.” There were no destructive epidemics in seasons with an 
average temperature below 61° F., and no season with an average tempera¬ 
ture above 64° F. escaped having one, although in seasons with intermediate 
temperature (61°-64° F.), stem rust was epidemic in some and not in 
others. Later, Lambert (113) showed that the odds were 6 to 1 that the 
occurrence of stem-rust epidemics in hot growing seasons was not due to 
chance. He pointed out, however, that in the period studied there occurred 
three noteworthy exceptions, namely, the years 1904, 1910, and 1916 
The growing season (May, June, and July) in 1904 was moderately cool 
but stem rust was severe; in 1910, June and July were hot but stem rust 
was light; and in 1916, May and June were cool but stem rust was exceed¬ 
ingly destructive. In the latter year, however, the month of July was 
very hot. 

These findings are in general agreement with those of several other 
investigators elsewhere. In Uruguay, Gassner (71, 72, 73) observed that 
stem rust flourished in the hot summer months but decreased in prevalence 
with the approach of autumn. Cotton (43) reports that stem rust was 
heavier in England in 1919 than in 1920, a condition which he attributes 
in part to the warmer weather of the former year. Chabrolin (37) claims 
that, in Tunis, a wet March followed by a dry, hot April is conducive to a 
heavy stem-rust attack. This observation, he states, was made much 
earlier by Boeuf. Zekl (238) asserts that seasons of heavy rust infections 
are usually characterized by great heat. Vasey, Balwin, and Doery (222) 
state that, in Victoria, Australia, stem rust did serious damage in 1916 
and 1934. The main attack developed in the first week of November, a 
period of high temperatures combined with high humidity. 

Cool growing seasons have usually, although not always, been regarded 
as unfavourable to stem-rust development. Bailey (10) suggests that the 
failure of stem rust to reach epidemic proportions in Manitoba in 1924 was 
due to the cool weather that prevailed during the latter part of the growing 
season. Peltier (157) states that, in Nebraska, low temperatures are 
apparently the major limiting factor in the development of primary infec¬ 
tion and in the subsequent development of uredia. Johnston, Melchers, 
and Millar (107) are of the opinion that minimum temperatures are more 
important in relation to infection than are maximum or mean temperatures, 
as it is not until minimum temperatures become high enough to favour 
abundant infection that stem rust becomes severe in the State of Kansas. 
Melchers and Johnson (140) believe that frequent night temperatures of 
below 60° F. from May 15 to June 24 in 1938 were largely responsible for 
holding stem rust in check in Kansas in that year. On the other hand, 
Bolley (23) and Freeman and Johnson (67) suggest that the low tempera¬ 
ture which prevailed during the growing season of 1904 was partly respons¬ 
ible for the severity of the attack which developed in the Upper Mississippi 
Valley in that year. Similarly, Zimmermann and Schneider (240) believe 
that the abnormal weather in Mecklenburg during July, 1909, when the 
temperature fell as low as 42° or 43° F., contributed to the development of 
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the severe outbreak that occurred in that year. Lambert (113) points out 
that stem rust may become epidemic in a cool season if other conditions 
favouring its development are present, as happened in 1904 in the 
Mississippi Valley. 

Temperature in Relation to Outbreaks of Stem Rust in Western Canada 

From the foregoing discussion, it is evident that temperature may 
profoundly influence stem-rust development. As in Western Canada stem 
rust is much more severe in some years than in others and in some areas 
than in others, temperature data have been studied to ascertain to what 
extent this variability in the amount of infection may be attributable to 
temperature conditions in the different years and areas. 

Seasonal Temperatures. Temperature data for the months of May, 
June, July, and August are presented in Tables 15 and 16. During the 
month of May, temperature can have no direct influence on stem rust in 
Western Canada, as the disease is never present during that month. To a 
large extent, the same is true for the first half of June, as the disease is not 
usually visible in the field until towards the end of June, and in some years 
not until after the beginning of July. The temperature data for May and 
the first half of June are given consideration largely because of the influence 
that spring and early summer temperatures may have on crop development. 

Table IS.—Mean temperature in Manitoba, Saskatchewan, and Alberta, by 
METEOROLOGICAL DIVISIONS, FOR THE 4-MONTH PERIOD MaY TO AUGUST, AND 
FOR THE 3-MONTH PERIOD JUNE TO AUGUST, FROM 1916 TO 1938, FOR 
YEARS IN WHICH STEM RUST WAS LIGHT, MEDIUM, AND 
HEAVY IN THE DIVISIONS INDICATED 


Meteorological Division 

Months 

Light 

Medium 

Heavy 

23-year 

period 



®F. 

® F. 

‘^F. 

°F. 

Manitoba 






Red River 

May - August 
June - August 

62.5 

65.3 

62 1 
65.4 

61 4 
64.8 

62 2 
65.2 

Qu*Appelle and Assiniboine 

May - August 

61.3 

61.1 

59.7 

60.9 

Rivers 

June - August 

64.1 

64.4 

63.3 

64.0 

Saskatchewan 






Qu'Appelle River 

May - August 

60.1 

60.7 

58.6 

59.9 


June - August 

62.7 

63.7 

61.8 

62.7 

Saskatchewan Forks 

May - August 
June - August 

59.7 

62.6 

59.5 

62.2 

— 

59.7 

62.2 

South Saskatchewan River 

May - August 
June - August 

60.3 

63.2 

60.0 

63.0 

— 

60.3 

63.0 

North Saslc^hewan River 

May - August 
June - August 

58.8 

60.5 

59.2 

61.7 

— 

58.5 

60.7 

Alberta 





Bow River 

May - August 

58.5 

58.2 

— 

58.5 


June - August 

61.4 

60.9 

— 

61.3 

Red Deer River 

May - August 
June - August 

57.0 

59.4 

56.9 

59.9 


56.9 

59.5 

North Saskatchewan River 

May - August 
June - August 

56.4 

58.6 

56.3 

59.3 

— 

56.4 

58.7 












Table 16.—Mean temperature in Manitoba, Saskatchewan, and Alberta, by meteorological divisions, for the months of May, June, 

July, and August from 1916 to 1938, for years in which stem rust was light, 

MEDIUM, AND HEAVY IN THE DIVISIONS INDICATED 
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Table 15 contains for each meteorological division and for each class 
of years the general means of the average daily temperature for the 4-month 
period May to August and for the 3-month period June to August. From 
this table, it is evident that, in Western Canada, temperatures during the 
3-month period, or even the 4-month period, are very satisfactory for 
urediospore germination, being in fact within the optimum range of tempera¬ 
ture for this process. As pointed out earlier, this range is somewhat lower 
than the optimum range for the development of the organism within the 
host tissue. The mean teitiperatures for the 3-month period in the first 
five of the divisions lie within the latter range or near its lower limit, but 
in the other four divisions somewhat below that limit, although within the 
range at which stem rust will develop. Temperatures are usually lower in 
June than in July and August, and, as there is usually little stem rust 
present in June, the mean temperatures for the period in which stem rust 
is generally present (July and August) are somewhat higher in all divisions 
than those indicated for the three months. 

A comparison of the mean temperatures for the different classes of 
years, shows that in the first three meteorological divisions, that is to say 
in the bad rust area, the general mean for the 4-month period is slightly 
lower in the heavy rust years than in the light rust years. The same is 
true of the 3-month period in these divisions. In seven of the nine divisions, 
the means for the 4-month period are slightly lower in the medium rust 
years than in the light rust years, although, in six divisions, the means for 
the 3-month period (June to August) are higher in the medium than in the 
light rust years. This fact would indicate that temperatures in May of 
the medium rust years were somewhat lower than those of the light rust 
years. Evidently then, in the bad rust area of Western Canada, there has 
been a tendency for the temperature to be slightly lower in heavy rust 
years than in light rust years On the other hand, there has been a tendency 
in the medium rust years for the growing season (June to August) to be 
slightly warmer than in the light rust years. The differences in tempera¬ 
tures are so small that they probably have no significance. It will be 
observed, however, that the mean temperature for the growing season in 
the heavy rust years was above the minimum temperature limit (61° F.) 
given by Stakman and Lambert (207) for the development of epidemics in 
the Upper Mississippi Valley. Medium infection, however, developed in 
Northern Alberta in years 1927 and 1938 when the mean temperature for 
the growing season was slightly below that minimum. ^ 

Monthly Temperatures, To determine what relation the average 
monthly temperatures of May, June, July, or August may have to the 
occurrence of severe outbreaks of stem rust, the temperature data for the 
three classes^ years are summzrized by months in Table 16 for each of the 
meteorological divisions. In the first three divisions, the general means of 
of the average daily temperature for May, as well as for June and for 
August, is somewhat lower in the heavy rust years than in the light rust 
years, but for July somewhat higher. In all divisions, temperatures for 
the medium rust years are lower in May but higher in June than those for 
the light rust years, so that the average temperatures for these two months 
in both classes of years- tend to become equalized. It appears, therefore, 
that cooler weather generally prevailed in the spring and early summers of 



February, 1945] 


CRAIGIE—STEM RUST IN WESTERN CANADA 


339 


the heavy rust years than in the same months of the other two classes of 
years. August temperatures for the medium and for the light rust classes 
of years are so similar that the differences between them are probably of no 
significance whatever. It will be observed that medium rust development 
occurred in four of the divisions in years when the average temperature in 
August was below that usually considered satisfactory for stem-rust 
development. 

The critical month for stem rust in Western Canada is July. Unless 
epidemic conditions become fairly well established in that month, damage 
to crops is usually of minor importance, although the year 1927 is an out¬ 
standing exception to this general rule. In Alberta, most of the develop¬ 
ment occurs in August, but as the development of stem rust in Western 
Saskatchewan seems to govern to a considerable extent the development in 
Alberta, July may be regarded as indirectly the critical month of stem-rust 
development in Alberta. Temperatures in July have, therefore, a direct 
influence on stem-rust development in the first six meteorological divisions 
and at least an indirect one on the other three. 

In all the divisions and in all classes of years, (he general temperature 
means for July were above 61° F. In most of the divisions, the general 
means for July were optimum or approximated the optimum for stem-rust 
development. It would seem, therefore, that in the first three divisions, 
which include the bad rust area, temperatures in July of the light rust 
years were quite suitable for stem-rust development, and were not an 
important deterrent in most of the other divisions. It is true that in 1916 
the mean temperature for July was 60° F. in the North Saskatchewan 
River division of Saskatchewan, and that stem rust was comparatively 
light in that division, although moderately heavy in the Saskatchewan 
Forks division, immediately to the east of it, and sevxTe in all of Eastern 
Saskatchewan. But infection was light also in the South Saskatchewan 
River division (south-western Saskatchewan), although the mean tempera¬ 
ture for July of that year was 66° F. It is probable, therefore, that in the 
North Saskatchewan River division the failure of stem rust to reach 
moderate or severe proportions in 1916 was not altogether due to the 
comparatively low July temperature. 

Whether or not in the heavy rust yeais the slightly higher temperature 
in July can be regarded as of definite significance in promoting epidemic 
conditions is not readily determinable. The higher temperature Avould 
tend to shorten the incubation period of each rust generation, thereby 
permitting more generations to be produced, but it would also tend to 
increase evaporation and thu: remove surface moisture from the plants, 
thereby reducing the opportunities for infection. Furthermore, it would 
hasten the maturing of the crop and thus tend to offset any advantage the 
disease might gain from a more rapid development. The differences 
between the mean temperatures for July in the heavy and the light rust 
years are so small, being less than 2° F., that it is questionable if the differ¬ 
ences were great enough to have any appreciable influence on the develop¬ 
ment of the disease. 

Daily Minimum Temperatures. With regard to the fluctuations in 
daily temperatures, it may be said that summers in Western Canada are 
characterized by hot days and cool nights. Actually, the lowest tempera- 
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ture during the day usually occurs in the early morning hours, just before 
or after sunrise. As a general rule, day-time temperatures are sufficiently 
high to promote rapid stem-rust development. Any retardation of develop¬ 
ment that occurs on account of low temperatures must largely be attributed 
to late night and early morning temperatures. Johnston and associates 
(106, 107) point out that minimum temperatures have a greater influence 
on stem-rust development than have maximum or mean temperatures, and 
this view is further developed by Melchers and Johnston (140), who 
attribute the unusually slow establishment of stem rust in the State of 
Kansas in 1938 to the relatively low minimum temperatures that prevailed 
between May IS and June 24, the usual period of rapid stem-rust spread in 
that state. These authors accept 60*^ F. as the minimum temperature 
favourable for infection and subsequent stem-rust development, and show 
that periods with minimum temperatures of 60® F. or above in 1938 were 
short and were separated by p)eriods with unfavourable minimum tempera¬ 
tures, while in 1935 and 1937 periods favourable for infection were pro¬ 
longed. They point out that if 55® F. were chosen as the lowest favourable 
temperature, the contrast between 1938 and the other two years would be 
still more striking. Similarly, Melchers (139) points out that in 1940 
“favourable, prolonged minimum temperatures extended much further into 
June and July than ordinarily occurs in Kansas,“ and attributes to this 
condition the severe outbreak of stem rust in the south-central part of that 
state, where the wheat crop was upward of two weeks late. 

The conclusion of these authors seems all the more plausible when 
considered in relation to the finding of Hart (81) and Hart and Forbes (82) 
that infection only occurs with difficulty while the stomata of the plants 
are closed, that is to say, from late afternoon until shortly after sunrise, 
and that the majority of the infections take place during the remaining 
morning hours, until the dew on the plants dries. As mentioned above, 
the minimum temperature for any given day in Western Canada is usually 
reached in early morning, shortly before or after sunrise. It would, there¬ 
fore, appear that the inhibitory influence of a low minimum temperature 
would be most pronounced just about the time that the inhibition would 
be most effective in preventing infection, namely, when the stomata are 
open and dew on the plants afford moisture conditions favourable for 
infection. On the other hand, the ability of closed stomata to exclude 
germ-tubes seems to be a good deal less in some wheat varieties than in 
others, and in all varieties, apparently, a considerable amount of infection 
takes place even when the stomata are closed (82, 159)r Whether or not a 
minimum temperature somewhat below 60® F. increases the effectiveness 
of closed stomata to exclude germ-tubes remains to be determined. 

With a jyw of determining the relation of minimum temperatures to 
stem-rust de^lopment, a study has been made of the daily minimum 
temperature at four stations in Western Canada, namely, Winnipeg, 
Minnedosa, Qu’Appelle, and Saskatoon, from June 20 to August 4 for the 
three classes of years from 1916 to 1938. The four stations may be 
regarded as more or less representative, respectively, of the first, second, 
third, and fourth meteorological divisions under discussion; and the 
period June 20 to August 4 corresponds with the period in which stem rust 
first appears and becomes established in Manitoba and the eastern half of 
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Saskatchewan. For the sake of more exact comparison, the period June 
20 to August 4 is divided into three approximately fortnightly intervals. 
Of the three intervals, the second and third are the most important in 
respect to stem-rust development. Table 17 gives the general means of 
the minimum temperatures for the three intervals at the four stations in 
the three classes of years. 

There is evident in Table 17 a general tendency for minimum tempera¬ 
tures to be somewhat lower in the light rust years than in the other two 
classes of years. This tendency is, however, more evident in the first and 
second fortnightly intervals than in the third (July 21-August 4). In fact, 
at Qu’Appelle and Saskatoon, the tendency is almost reversed in the third 
interval, and it is in that interval ^hat stem rust usually makes its most 
rapid increase in eastern Saskatchewan. This fact would seem to indicate 
that the lower minimum temperatures in the other two intervals and the 
lightness of the stem-rust attack were not very closely related in the light 
rust years. This view is supported by the fact that the general means for 
the three intervals are higher (except in one instance) at Winnipeg in the 
light rust years than they are for the same respective intervals at the other 
three stations in the medium or heavy rust years. It would be expected 
that if the comparatively low minimum temperatures in the light rust 
years were mainly responsible for holding the disease in check at Winnipeg, 
the still lower minimum temperatures at the other three stations in the 
medium and heavy rust years ought to have curtailed stem-rust develop¬ 
ment to a greater extent. Instead, however, of any marked curtailment 
in the amount of infection due to the lower minimum temperatures at 
these three stations, moderate or severe epidemic conditions developed. 

Table 17.— General means of the minimum temperatures for the periods June 20 
TO July 4, July 5 to July 20, and July 21 to August 4, from 1916 to 1938 at 
Winnipeg, Minnedosa, Qu’Appelle, and Saskatoon, for years in which 

STEM RUST WAS LIGHT, MEDIUM, AND HEAVY IN WESTERN CANADA 


Station 

Period 

Light 

Medium 

Heavy 



°F. 


°F. 

Winnipeg 

June 20 - July 4 

53.1 

55.8 

55.8 


July 5 - July 20 

56.3 

.•^8.3 

59.6 


July 21 - Aug. 4 

55.9 

55.5 

56.4 

Minnedosa 

June 20 - July 4 

49.5 

52.5 

51.6 


July 5 - July 20 

52.5 

54.5 

56.7 


July 21 - Aug. 4 

52.1 

51.3 

53.7 

Qu*AppelIe 

June 30 - July 4 

49.2 

53.3 

51.1 


July 5 - July 20 

52.4 

53.9 

55.1 


July 21 - Aug. 4 

51.6 

51.0 

51.5 

Saskatoon 

June 20 - July 4 

49.7 

52.4 

_ 


July 5 - July 20 

52.9 

.54.3 

— 


July 21 - Aug. 4 

52.5 

52.4 



From the data of Table 17, it may be inferred that the percentage of 
days, between June 20 and August 4, with a minimum temperature of 
60® F. or higher was less in the light rust than in the medium or the heavy 









342 


SCIENTIFIC AGRICULTURE 


[Vol. 25 


rust classes of years. This relationship is most pronounced at Winnipeg, 
less so at Minnedosa, and almost or completely disappears at Qu’Appelle 
and Saskatoon. The percentage of days with minimum temperatures of 
60° F. or higher, for the light, medium, and heavy rust classes of years was 
respectively, 23, 30, and 37% at Winnipeg; 11, IS, and 20% at Minnedosa; 
12, 11, and 14% at Qu’Appelle; and 11 and 11% for the first two classes 
at Saskatoon. 

These data, however, do not take into account the distribution of 
such days. Melchers and Johnston (140) and Melchers (139) emphasize 
the particularly favourable influence on infection of the occurrence of 
extended periods in which the minimum temperature did not fall below 
60° F., that is to say, periods of several or more consecutive days with 
such temperatures. By way of summarizing the data germane to this 
point for the 23 years under review, it may be said that for the light medium, 
and heavy rust classes of years, respectively, the average number of periods 
of 2 days or more on which the minimum temperature was 60° F. or higher 
per year between June 20 and August 4 was, for Winnipeg, 2.5, 3.1, and 
4.4 days; for Minnedosa, 1.0, 1.1, and 2.2; for Qu'Appelle, 1.1, 0.8, 
and 1.6; and, for Saskatoon, 0.8 and 0.8 (light and medium rust classes). 
From these data, it is evident that, except at Winnipeg, there was very 
little difference in the average number of such periods for the light and 
medium classes of years. It is evident, too, that the average number of 
such periods per year was greater at Winnipeg in the light rust years than 
at Minnedosa in the heavy rust years, and still greater than Qu’Appelle. 

If a period of 3 consecutive days with minimum temperatures of 60° F. 
or higher is considered, the average number of periods per year are reduced, 
being for the light, medium, and heavy rust classes of year, respectively, 
as follows: for Winnipeg, 1.1, 2.1, and 2.8 days; for Minnedosa, 0.6, 0.8, 
and 1.2 days; for Qu’Appelle, 0.5, 0.0, 0.2 days; and for Saskatoon, 0.4 
and 0.2 days (light and medium rust classes). 

The data just presented for Winnipeg, and to a lesser extent those for 
Minnedosa, seem to support the view that years with a high frequency of 
periods with minimum temperatures of 60° F. or above tend to be associated 
with years of heavy infection. And, indeed, from what is known of the 
relation of temperature to infection, this would be expected. On the other 
hand, at Qu'Appelle, and more so at Saskatoon, the data are less in agree¬ 
ment with this view, and, to some extent, they are contradictory to it. 
Only on one occasidn (July 15 to 22, 1923) in the five heavy rust years was 
there at Qu’Appelle a period of three or more consecutive days on which 
the mean minimum temperature was 60° F. or higher. There was none 
in the medium rust years. If such periods were necessary to promote severe 
infection, no epidemics would be expected to have occurred in the area 
represented by-<Ais station. At Saskatoon, in the nine years that stem 
rust was of moderate intensity in that area, there was only one occasion 
(July 8 to 10, 1916) on which the minimum temperature was 60° F. or 
higher on 3 or more consecutive days; and only on seven occasions in those 
years had 2 consecutive days such minimum temperatures. At none of 
the stations, except Winnipeg (June 27 to 30) and Qu’Appelle (August 13 
and 14), in 1927 was there any period of 2 or more consecutive days with 
minimum temperatures of 60° F. or higher between June 20 and August 30, 
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yet epidemic conditions were fairly well established by the middle of 
August in Manitoba and by the end of August in eastern Saskatchewan. 
The single period of 4 days (June 27 to 30) at Winnipeg had little influence 
on the development of stem rust, as inoculum was scarce at that time, but 
it is very likely that the 2-day period (August 13 and 14) at Qu’Appelle 
had a definite influence in promoting infection, as inoculum was then 
abundant. In 1938, as Figure 8 shows, only on one occasion (July 3 to 6) 
was the minimum temperature between June 20 and August 10 at Minne- 
dosa 60° F. or higher for 2 or more consecutive nights, and only on two 
occasions at Qu’Appelle. During most of the time, minimum temperatures 
were considerably below 60° F. The likelihood is, however, that much 
infection did occur during the period? just indicated, as it is known (Table 2) 
that inoculum was plentiful shortly before or on those days. 



There is a relationship, at least a partial one, involved in this general 
question of the influence of high minimum temperatures on the amount of 
infection, and it is, namely, that periods of high minimum temperatures 
sometimes, but not always, accompany periods of south wind, and periods 
of south wind occurring between June 20 and August 4 are not infrequently 
associated with spore showers of stem rust. The amount of inoculum 
present during some of the periods of high minimum temperatures is, 
therefore, likely to be greater than when the minimum temperatures are 
low and the wind is from some other direction. This relationship will be 
touched on later in connection with the interrelation of different meteoro¬ 
logical factors on stem-rust development. 

Unfortunately, there seems to be no experimental evidence to show to 
what extent or in what manner comparatively short daily exposures to 
temperatures somewhat below 60° F. interfere with stem-rust infection, or 
even that such exposures actually do reduce the amount of possible infec¬ 
tion. Only occasionally in Western Canada would the temperature fall 
low enough in summer to interfere with urediospore germination, as the 
optimum for this process seems to lie between 53° and 63° F., and some 
germination occurs at as low a temperature as 35° F., and even just above 
the freezing point (137). Minimum temperatures, therefore, between 50° 
and 60° F. could hardly be expected to interrupt seriously the entrance of 
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the germ-tubes into the stomata, unless, indeed, such temperatures make 
the stomata more resistant to penetration of the germ-tubes. In at least 
some races of stem rust, infection proceeds readily below 60® F. For 
instance, Peltier (151) found that the lower limit for optimum infection 
with Race 9 on certain wheat varieties in the heading stage was 50®, and 
with Race 3, it was 57® F., while Melander (137) states that Race 35 of 
wheat stem rust. Race 2 of oat stem rust, and Race 7 of rye stem rust, 
respectively, readily infected seedlings of wheat, oats, and rye at the former 
temperature. Stakman and Levine (208) found that infection would take 
place at as low a temperature as the host plant could stand. It is true, of 
course, that growth of the organism in host tissue is appreciably slowed 
down at temperatures of 60® F. or less, and, at about 50® F., is generally 
largely suspended. This suspension of growth may possibly be mainly due 
to nutritional difficulties, and if so would not probably affect the germinat¬ 
ing spore or the growth of the germ-tube on the surface of the plant. Appar¬ 
ently it might be easier to explain the observed retardation in the increase 
of stem rust by attributing it to the effect of minimum temperatures of less 
than 60® F. on the organism after it has penetrated through the stomata, 
rather than to any appreciable failure of the germ-tubes to gain entrance 
into the plants because of such temperatures. The effect of the higher 
minimum temperatures may be largely to favour the rapid establishment 
and promotion of the parasitic relation of host and organism. 

Relation of Light to Stem-Rust Development 

Light is essential for the growth of chlorophyll-bearing plants, and, as 
the stem-rust fungus cannot maintain itself apart from its hosts, it is 
evident that light is indispensible, at least in an indirect way, to the develop¬ 
ment of the disease. Furthermore, the stomata of plants open as a response 
to light and may thereby facilitate the entrance through them of the germ- 
tubes, a primary requisite of infection. Germination, of course, must first 
take place. Arthur (7) states that the germination of rust spores proceeds 
more freely at night. Bruschetti (28) claims that, in his experiments, 
neither light nor darkness had any influence on the germination of uredio- 
spores, while Sibilia (184) found that urediospores of stem rust, as well as 
of three other cereal rusts, did not germinate in the absence of light. At 
the time this section was being written, the author dusted freshly collected 
stem-rust urediospores on tap-water contained in a watch-glass, placed the 
watch-glass in a cabinet, inverted a small earthenware jar over the watch- 
glass, and shut the door of the cabinet. The spores were, therefore, in 
extreme darkness, but, in less than 3 hours, from 30 to 40% of the spores 
were showing vigorous germ-tubes with a length of two, three, and four 
times the diameter of the spores. 

On the otheAand, bright sunlight directly affects the germinability of 
urediospores during exposure, although the effect seems to be only tem¬ 
porary and not detrimental. Bolley (22) found that urediospores exposed 
on a watch-glass to bright sunshine in August for 21 hours fell in germina¬ 
tion from 90 to 100% to 8 to 15%. In this instance, the injury was prob¬ 
ably largely due to heat and rapid desiccation rather than to any direct 
effect of light; for later Bolley and Pritchard (24) exposed spores to sun 
and air during the entire month of August and found over 5% of the spores 
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germinable at the end of the month. Stock (214) found that urediospores 
of leaf rust of wheat and of rye, and of crown rust, germinated equally well 
under the illumination of a SOO-watt lamp as in darkness, but that the 
germination of urediospores of stem rust was retarded under the light, and 
development only reached parity with that of the spores in darkness after 
8 hours. Weston (234, 235) showed that urediospores of stem rust do not 
germinate while exposed to bright direct sunlight or to very strong diffuse 
sunlight. The germinability of the spores was, however, not adversely 
affected, for the same spores germinated afterwards when they were placed 
in darkness or subdued light. He states that exposure (on the surface of 
water) for several hours to direct sunlight when the day temperature is 
high may kill urediospores, but points out that the killing is due to heat, 
not to light. Gassner and Straib (76) found that urediospores are little 
affected by exposure to direct sunlight. On the other hand, Hwang (97) 
found a direct relation between low light intensity and retention of spore 
viability. At low light intensities (daily maximum 1,500 foot-candles), the 
germination of urediospores was reduced to about 10% after an exposure 
to sunlight for 270 hours, while, at moderately high light intensity (daily 
maximum 7,000 foot-candles), it was reduced to 10% by an exposure to 
sunlight for 75 hours. 

To what extent the entry of the fungus into the host may be affected 
by light seems unclear. Gassner (71) obtained just as good infection on 
plants that were shaded in a room as on those exposed to light. Stakman 
and Piemeisel (212) state that, owing to the usually more favourable 
moisture conditions, best infection usually occurs at night. Lauritzen 
(115) found as high a number of plants infected among those incubated for 
24 hours in darkness as among those incubated for the same number of 
hours in the greenhouse where they were exposed to the light prevailing at 
the time of the experiment, namely, that of cloudy winter days. His 
results are similar to those obtained by Stakman and Levine (208) with 
plants incubated in low and high light intensities. In neither case is the 
number of infections per plant indicated. With plants kept in incubation 
chambers for 48 hours in darkness, in different artificial light intensities, 
and in sunlight, Peltier (155) obtained as many plants infected and as 
much infection per plant on those plants incubated in darkness as in those 
incubated in sunlight or under the artificial lights. Gassner and Straib 
(76), on the other hand, obtained very weak infection in plants subjected 
to darkness for 2 days after inoculation and no infection in those subjected 
to 4 days of darkness after inoculation, while, in those kept under clear 
glass, good infection resulted. Hart (81) and Hart and Forbes (82) observed 
a marked reduction in the number of infections on several wheat varieties 
kept in darkness during the incubation period following inoculation. They 
attribute this result, not to any failure of the spores to germinate in dark¬ 
ness, but to the inability of the germ-tubes to enter the stomata, which 
remain closed in response to the darkness. On some varieties the in¬ 
hibitory effect of darkness was more pronounced than on other varieties. 
Peterson (159), however, obtained satisfactory infection on certain strains 
of wheat under conditions of darkness. As suggested earlier, the amount of 
infection on certain strains of wheat under conditions of darkness may 
possibly vary somewhat with the host varieties used in the test, and of 



346 


SCIENTIFIC AGRICULTURE 


[Vol. 25 


course with the suitability of the moisture and temperature conditions in 
the incubation chambers. Further elucidation of the effect of darkness on 
stem-rust infection would seem necessary. 

With regard to the development of the organism in the host tissue, 
there is general agreement that bright light induces most vigorous and 
rapid growth. Gassner (71) showed that strong light increased the sus¬ 
ceptibility of the host, or, in other words, promoted vigorous rust develop¬ 
ment. Stakman and Piemeisel (212) state that a considerable amount of 
sunlight is necessary for best rust development, and that cloudy weather 
may lengthen the incubation period by a week or more. Shaded plants 
were invariably more weakly infected than those exposed to direct sunlight. 
Stakman and Levine (208) found that stem rust developed better in fairly 
high light intensities than in lower light intensities, and Peltier (155), that 
best development occurred in strong light. Gassner and Straib (76) by 
supplementing the low sunlight in winter by means of a 1,000-watt lamp, 
shortened the incubation time of the rust by from 1 to 2 days. Periods of 
darkness subsequent to inoculation lengthened the time of incubation. 
Forward (63) showed that exposure to darkness after inoculation delayed 
pustule formation proportionately to the length of the exposure to darkness. 
Melander (137) found that a reduction in light intensity retarded rust 
development. Levine (118) concluded from his study (which embraced 
stations in the Upper Mississippi Valley and Western Canada) that in the 
years 1919 to 1923 the normal light intensity during the growing season 
appeared quite sufficient for the best development of stem rust. Butler 
and Hayman (32) and Moreland (143) point out that in India heavy rust 
infection usually occurs in cloudy seasons, but from their accounts the 
infection seems to be influenced by the greater moisture associated with 
the cloudiness rather than by the decrease in bright sunshine, of which 
there is probably an ample amount for stem-rust development in any year. 
Lambert (113) states that in the Mississippi Valley stem-rust epidemics 
seem to occur in years that have the greatest number of clear days during 
the growing season, but he considers that this relationship may probably 
be only incidental, the more likely reasons being the higher temperature 
and the more abundant dews in such seasons. To insure satisfactory stem- 
rust development, it is now a well established practice in the more northerly 
latitudes to supplement the daylight of the short winter days by means of 
artificial illumination. 

The growth response of the organism to light seems to be very closely 
associated with that of the host plant. As suggested by Stakman and 
Levine (208) and by Peltier (155), the effect on the organism is probably 
largely indirect. In bright light, the metabolic activity of the host plant 
is greater than in subdued light and as a consequence the nutritional 
requirements qjg^he fungus are more adequately supplied. 

The general experience that stem rust develops best in •bright sunlight 
is not without its exception. Hart and Zaleski (83) found that under 
conditions of shade, plants of Hope wheat, a variety possessing a high 
degree of mature-plant resistance, became heavily infected with Race 21 of 
wheat stem rust, while similar plants of this variety exposed to normal 
summer sunlight were relatively free from infection. Johnson and Newton 
(105) showed that pronoilnced reduction in light intensity (60%) or in 
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daily hours of light during the growing period of the plants tended to lower 
the resistance of Hope wheat to Race 21 of stem rust, but concluded that 
deficiency of light decreased resistance only in conjunction with other 
factors that tended to induce greater succulence of the plant tissue. 

Sunshine Hours in Western Canada 

In the present study, consideration has been given to the total hours 
of sunshine for the three months June, July, and August at six stations 
situated within the zone severely affected by stem rust. The stations are 
Morden, Winnipeg, and Brandon in Manitoba, and Qu’Appelle, Indian 
Head, and Rosthern (40 miles north of Saskatoon) in Saskatchewan. 
Table 18 summarizes the data for the period from 1916 to 1938. From this 
table, it will be seen that the average number of hours of sunshine gives 
little indication as to which group of years had heavy rust attacks. For 
the individual months at the different stations, the respective means for 
June and July in the light rust years are as high as, or higher than, those 
in the heavy rust years, while in August the tendency is for the heavy rust 
years to have a somewhat higher number of hours of sunshine than the 
light rust years. The differences, however, appear to be too small to have 
any appreciable influence on the development of the disease in the crop. 
It seems, therefore, unlikely that in Western Canada the amount of sun¬ 
shine has been more favourable to stem-rust development in one class of 
years than in another. 

Table 18. —Mean hours of sunshine for June, July, and August, from 1916 to 1938, 
AT Morden, Winnipeg, and Brandon in Manitoba, and at Qu’Appelle, Indian 
Head, and Rosthern in Saskatchewan, for years in which stem rust was 
LIGHT, medium, AND HEAVY IN MANITOBA AND EASTERN SaSKATCHF:WAN 


Station 

June 

July 

August 

Light 

McdiumI 

Heavy 

Light 

Medium 

Heavy 

Light 

Medium 

Heavy 


hr. 

lir. 

1 

hr. 1 

hr. 

hr 

hr. 

hr. 

hr. 

hr. 

Morden 

254 

237 

255 1 

302 

295 

290 

271 

282 

291 

Winnipeg 

258 

255 

256 

306 

285 

296 

269 

278 

278 

Brandon 

239 

235 

215 1 

293 

283 

279 

268 

272 

267 

Qu’Appelle 

275 

281 

258 

328 

337 

321 

289 

297 

290 

Indian Head 

222 

234 

215 1 

291 

301 

284 

247 

261 

262 

Rosthern 

276 

268 


335 

328 

-- 

283 

285 

— 


Relation of Wind to Stem-Rust Development 

The possibility that spores of cryptogamic plants may be carried long 
distances by winds or air currems was suggested as early as the opening of 
the nineteenth century, and since that time this means of spore dispersal 
has become more and more recognized as the principal one by which stem 
rust spreads. In 1805, Banks (11) surmised that the time necessary for 
rust infections to produce spores (?) is short,and says “if so, how frequently in 
the latter end of the summer must the air be loaded as It w^ere wdth this 
animated dust, ready, whenever a gentle breeze, accompanied with 
humidity, shall give the signal to intrude itself into the pores of thousands 
of acres of corn/’ Darwin (49), from reports by others, and from his own 
observations of dust falling on ships several hundred miles out at sea, 
concluded that no one need be surprised at the wide dispersion of fungus 
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spores by wind. More recently, the importance of wind-borne spores in 
connection with the spread of cereal rusts was pointed out by Bolley (22, 
23), and stressed by Klebahn (110, 111), Freeman and Johnson (67), and 
others. Within the last two decades, evidence both circumstantial and 
direct has been obtained which shows that the spread of stem rust from 
field to field and from one area to another is almost entirely brought about 
by winds. Lambert (113) was the first to attempt a comprehensive study 
of the relation of winds to outbreaks of stem rust; but, before further 
consideration is given to this aspect of the study, a brief explanatory state¬ 
ment should be made concerning wind direction. 

Wind Direction Dependent on Position of Air-Pressure Areas 

Wind is the result of the unequal distribution of air pressure over the 
earth’s surface. Meteorological Services of different countries indicate the 
distribution of air pressure day by day for their particular region on the 
daily weather maps published by such Services. These maps show, for 
the regions concerned, the areas having high or low air pressure on the date 
of issue. Areas of high and of low air pressure are indicated by successive 
encircling lines, called ‘^isobars,” each of which passes through points of 
equal air pressure (reduced to sea level) in each air-pressure area. In a 
high pressure area, the air pressure is highest at the centre and decreases 
outward; while, conversely, in a low pressure area, the air pressure is 
lowest at the centre and increases outward. Each successive isobar 
represents an equal decrease, or increase, in air pressure. There is, there¬ 
fore, a decreasing air-pressure gradient from the centre of a high pressure 
area to the centre of a neighbouring low pressure area. The positions of 
high and low air-pressure areas in North America are seldom stationary, 
but move across the continent in a general west-to-east direction. As a 
rule, a high pressure area succeeds a low pressure area, and a low a high, 
although their relative positions may change a good deal from day to day. 
In a high pressure area, the direction of the wind is clockwise and more or 
less parallel to the isobars, but inclining slightly outward from the centre. 
In a low pressure area, the wind moves in the opposite direction, namely, 
counter-clockwise, and more or less parallel to the isobars, but inclining 
inward towards the centre (Figure 9). The closer the isobars are to one 
another, that is to say, the steeper the air-pressure gradient, the greater is 
the wind velocity. 



Figure 9. Diagrammatic representation of air-pressure distribution, showing 
associated wind directions and weather conditions. (After Patterson). 
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From what has been said, it is evident that if a low pressure area is 
following a high pressure area across this continent, the general direction of 
the wind between their centres will be from south to north. If, therefore, 
as they move eastward, their central portions occupy positions in the 
general region of the International Border, the direction of the wind, at all 
points in the southern part of Canada lying between the centres of the two 
pressure areas, will be southerly. 

In the investigation already referred to, Lambert (113) studied the 
daily weather maps of the period May 20 to June 10, for the years 1901 to 
1926, to ascertain on what days conditions were favourable to blow stem- 
rust spores from Texas northward to the spring-wheat area of the Upper 
Mississippi Valley, that is to say, on what days there was low air pressure to 
the west and high air pressure to the east of the Mississippi River, with more 
or less parallel isobars running north and south between them. He was 
unable to find any correlation ‘‘between the years in which conditions 
seemed to be the most favourable for the migration of rust from the south 
to the north and the years in which epidemics developed in the spring wheat 
area.” He points out, however, that ‘‘southerly winds often sweep up 
the Mississippi Valley at the time the rust is most plentiful in the south, 
with sufficient velocity to carry spores from Texas to the spring wheat area 
in less than three days.” 

South Wind in Relation to Spore Showers 

In the present study, with a view to ascertaining if any relation could 
be found to exist between the occurrence of south winds and the prevalence 
of stem-rust spores in the air over a part at least of Western Canada, an 
examination of the daily weather maps for the period June 12 to July 20, 
from 1916 to 1938, was made to determine on what dates the low pressure 
and the high pressure areas were so positioned as to bring a south wind to 
southern Manitoba. The dates are indicated in Table 19. The period 
June 12 to July 20 was chosen for the reason that before June 12 very few 
spores have been found on the slides, and after July 20 local inoculum hcis 
been usually sufficient in southern Manitoba to cause uncertainty as to 
whether a sudden increase in the number of spores on the slides should be 
attributed to wind-borne spores or to locally produced ones. Southern 
Manitoba was chosen because it is the area in which spores are earliest 
found on the slides, and in whi'^ h stem rust almost invariably makes its 
first appearance in the field. If any association exists between winds and 
the prevalence of spores in the air, it should be most evident in this area, 
for Manitoba lies directly north of a cereal-producing region that extends 
from Texas northward to the Canadian border, and in that region stem 
rust is present in the south during early spring (April and May) and in 
the north during the latter part of June and throughout July (113). South 
winds that blow into Manitoba during June and July must pass over a rust- 
infected area, although in this area the severity of the infection varies 
greatly from year to year. 
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Table 19. —Dates on which low and high atmospheric pressure areas were in 

SUCH A POSITION AS TO BRING A SOUTH WIND OF TWELVE HOURS OR MORE TO SOUTHERN 

Manitoba between July 12 and July 20 of the years 1916 to 1938* 
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0 

0 

0 

0 

4- 

0 

0 

0 

4- 

0 

4- 

0 

4- 

1 ^ 

4- 

0 

0 

0 

4- 

0 

0 

July 

15 

0 

0 

0 

0 

0 

D 

El 

0 

4- 

0 

0 

0 

4- 

4- 

4- 

0 

4- 

0 

0 

4- 

0 

El 

0 

July 

16 

0 

0 

0 

4* 

4- 

B 

El 

4- 

0 

0 

4- 

0 

0 

+ 

0 

0 

0 

0 

4- 

4- 

4- 

0 

0 

July 

17 

0 

4- 

0 

4- 

0 

+ 

El 

4- 

0 

+ 

0 

+ 

0 

0 

0 

0 

4- 

4- 

+ 

0 

0 

0 

0 

July 

18 

4- 

4- 

4- 

4- 

4- 

El 

D 

4- 

0 

4- 

+ 

0 

4- 

0 

0 

0 

0 

0 

0 

4- 

0 

4- 

+ 

July 

19 

4- 

0 

0 

4- 

4- 

El 

+ 

El 

4- 

4- 


4- 

0 

4- 

0 

0 

0 

4- 

0 

4- 

0 

4- 

0 

July 

20 

4- 

0 

0 

0 

0 

4- 

4- 

i 

4- 

0 


4- 

4- 

4- 

4- 

0 

0 

0 

0 

0 

0 

m 

0 

Total 

15 

18 

15 

18 

13 

23 

17 

15 

21 

19 

11 

19 

13 

22 

16 

16 

14 

19 

18 

16 

17 

14 

19 


* Such dates are indicated by the + sign. 


It would, therefore, be expected that a sudden increase in the number 
of spores in^e air over southern Manitoba would be associated with a 
period of soutn wind. That this is so is clearly brought out by a comparison 
of Tables 2 and 19. Two outstanding examples of this association may 
be mentioned by way of illustration, namely, June 12 to 19, 1929, and 
June 23 to July 2, 1935. It will be seen from Table 19 that during those 
periods the wind was prevailingly from the south, and, from Table 2, that 
pronounced increases in the number of spores are associated with these 
periods. The positions^ of the two main air-pressure systems on June 17, 










































































Figure 10. Air-pressure distribution in Canada and the United States on June 
17, 1929. The closeness of the isobars east of the center of low pressure indicates a 
steep air-pressure gradient and strong (southerly) wind. 



Figure 11. Air-pressure distribution in Canada and the United States on June 
23, 1935. The wind direction is southerly in Manitoba and eastern Saskatchewan. 


two air-pressure areas would cover a great part of the Mississippi Valley 
and, being from the south, would carry spores from there northward 
directly into Manitoba. Further examination of the two tables will show 
that, in practically every instance where there was a sudden increase in the 
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number of spores present on the slides, there occurred associated with this 
increase a period of south wind. 

This association between spore showers and periods of south wind is 
further shown by the number of leaf-rust {Puccinia triticina Erikss.) spores 
on the slides. As each slide was examined for stem-rust spores, a record 
was made of the number of leaf-rust spores present. Usually leaf-rust 
spores appear somewhat earlier than stem-rust spores on the slides, but it 
is clear that there is a very close correlation between the occurrence of 
spore showers of leaf rust and of stem rust. Table 20 gives the number of 

Table 20. —Hours of south wind (SW., S., SE.) each day at Winnipeg, and number 
OF urediospores of stem rust and of leaf rust intercepted daily by one 
SQUARE inch OF GLASS SLIDE EXPOSED AT WINNIPEG FROM JUNE 12 TO 
July 20, in the years 1927, 1929, 1932, 1935, and 1938 



1927 

1929 

1932 

1 1935 

1938* 

Date 

South Wind 


Leaf Rust 

South Wind 

Stem Rust 

Leaf Rust 

South Wind 

Stem Rust 

Leaf Rust 

South Wind 

Stem Rust 

Leaf Rust 

South Wind 

Stem Rust 

Leaf Rust 


hr. 

no. 

no. 


no. 

no. 

hr. 

no. 

no. 

hr. 

no. 

no. 

hr. 

no. 

no. 

June 12 

0 

0 

0 

19 

0 

8 

9 

0 

0 

0 

0 

0 

17 

0 

0 

June 13 

0 

1 

0 

14 

0 

1 

13 

2 

1 

5 

0 

0 

24 

— 

— 

June 14 


2 

1 

13 

0 

2 

1 

2 

0 

0 

0 

0 

6 

5 

42 

June 15 


0 

26 

13 

24 

118 

6 

1 

0 

5 

0 

0 

0 

— 

— 

June 16 

24 

1 

16 

15 

109 

240 

22 

2 

14 

0 

0 

0 

5 

0 

0 

June 17 

24 

0 

20 

24 

193 

736 

20 

0 

1 

3 

0 

0 

23 

— 

— 

June 18 

15 

0 

0 

23 

0 

5 

3 

0 

0 

8 

0 

0 

24 

0 

14 

June 19 

16 

0 

0 

15 

0 

0 

17 

0 


2 

0 

1 

24 

— 

— 

June 20 

5 

0 

0 

4 

0 

2 

6 

0 


2 

0 

0 

24 

18 

430 

June 21 

0 

0 

19 

12 

0 

0 

6 

0 

0 

0 

0 

0 

8 

— 

— 

June 22 

0 

2 

0 

0 

0 

0 

0 

1 

1 

1 

— 

— 

0 

10 

11 

June 23 

11 

0 

16 

2 

0 

0 

18 

0 

1 

24 

9 

8 

0 

— 

— 

June 24 

7 

3 

17 

0 

0 

0 

11 

1 

4 

24 

240 

126 

0 

0 

0 

June 25 

8 

7 

63 

0 

0 

2 

12 

0 

7 

20 

52 

64 

0 

— 

— 

June 26 

24 

24 

193 

18 

0 

0 

6 

0 

3 

5 

0 

0 

3 

1 

4 

June 27 

18 

20 

1150 

12 

0 

0 

5 

0 


0 

0 

6 

15 

— 

— 

June 28 

11 

0 

2 


1 

2 

2 

— 

— 

23 

10 

9 

24 

86 

no 

June 29 

23 

4 

10 


0 

1 

0 

— 

— 

24 

16 

41 

24 

— 

— 

June 30 

12 

0 

8 


0 

0 

9 

1 

2 

23 

38 

79 

14 

328 

451 

July 1 

0 

0 

3 


0 

0 

0 

1 

1 

24 

8 

m 

22 

— 

— 

July 2 

9 

0 

1 


0 

0 

17 

0 


17 

21 

32 

0 

2 

43 

July 3 

23 

0 

5 


2 

8 

12 

0 

0 


7 

3 

18 

— 

— 

July 4 

19 

38 

23 

3 

0 

2 

20 

0 

0 


12 

5 

17 

0 

21 

July 5 

21 

.22 

37 

0 

0 

0 

3 

0 

1 


5 

4 

20 

— 

— 

July 6 

1 

0 

0 

21 

4 

10 

0 

0 



9 

2 

15 

4 

116 

July 7 

21 

11 

15 

7 

— 

— 

6 

0 

0 

19 

1 

3 

2 

— 

— 

July 8 

5 

7 

■1 

3 

3 

12 

14 

8 

24 

17 

0 

0 

0 

3 

180 

July 9 

0 

0 

Bl 

13 

2 

8 

1 

1 

1 

15 

3 

0 

17 

— 

— 

July 10 

20 

0 

la 

23 

481 

1438 

■1 

0 

0 

10 

0 

0 

5 

140 

810 

July 11 

10 

3- 

B9 

24 

283 

1029 

k| 

10 

18 

3 

3 


23 

— 

— 

July 12 

13 

m 

la 

22 

0 

0 

B 

0 

2 

0 

12 


16 

247 

1430 

July 13 

3 

0 

8 

9 

31 

112 

■1 

1 

9 

1 

7 



— 

— 

July 14 

■H 

3 

0 

3 



23 

2 


9 

6 



113 

920 

July 15 


0 

7 

18 


m 

14 


3 

14 

51 

10 


— 

— 

July 16 

■1 

1 

13 

23 

4 

f 

0 

4 

8 

22 

1124 

146 


390 

1840 

July 17 

12 

4 

30 

0 

3 

s 

15 

7 

17 

1 

5 

3 


— 

— 

July 18 

1 

6 

8 

0 

34 


9 

15 

25 

13 

380 

66 

B 

880 

4360 

July 19 

23 

193 

702 

24 

845 

% 

6 

13 

7 

14 

147 

22 

B 


— 

July 20 

24 

61 

79 

24 

2138 


0 

80 

80 

3 

357 

182 

H 

200 

82 


* In 1938, the expoeuiet were of 48 houre duration inatead of 24 boun. 
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hours of south wind (S.E., S., S.W.) each day at Winnipeg, together with 
the number of leaf-rust and stem-rust urediospores on the slides exposed at 
Winnipeg from June 12 to July 20 for two light and three heavy rust years. 
The two periods just mentioned above are striking examples of this corre¬ 
lation. 

As mentioned before, spores in the air are present earlier and are more 
numerous in June and July in southern Manitoba, especially in the Red 
River Valley, than elsewhere in Western Canada because this area lies 
directly in the path of south winds which sweep over that vast grain¬ 
growing area west of the Mississippi River. In Saskatchewan, at Indian 
Head and Saskatoon, the spore counts showed a relation between south 
winds and an increased number of spores in the air, but in the first part of 
the summer the number of spores was lower than in the Red River Valley, 
and periods of south wind that brought a large number of spores to the 
Red River Valley did not always bring an appreciable number to Saskat¬ 
chewan. In fact, the earliest spore showers usually did not extend so far 
west as Indian Head. In Alberta, spore showers were not very pronounced, 
and those that did occur usually took place in the latter part of July or in 
August, and did not regularly coincide with periods of south wind. 

The reason for these circumstances appears to lie in the fact that 
south winds reaching Alberta and, to a lesser extent, western Saskatchewan 
must pass, respectively, over a mountainous area where relatively little 
grain is grown or over the semi-arid Great Plains region where stem rust is 
usually of little consequence, and hence abundant inoculum for transporta¬ 
tion northward is lacking. This statement is apparently not true of the 
year 1938, for in all probability, as indicated earlier, a great deal of in¬ 
oculum was brought into these two areas by south wind, because of the 
unusual westward extension of heavy stem-rust infection in the Mississippi 
Valley in that year. The spore-bearing winds come largely from the south¬ 
east and east, and, as will be shown a little later, the winds adverse to the 
introduction of spores into these two areas markedly predominate. 

Frequency of South Winds in Relation to Stem-Rust Outbreaks 

To ascertain whether or not any association exists between years in 
which south wind was of particularly frequent occurrence during the 
summer and years in which epidemics of stem rust developed in Western 
Canada, relevant data are given in Table 21 for eastern Manitoba, the 
region where the association would probably be most readily discernible, 
if such an association actually exists. This table gives the total number of 
hours of south wind (S.E., S., S.W.) at Winnipeg between June 12 and 
July 20 from 1921 to 1938, and the total number of days between those two 
dates, from 1916 to 1938, on which low and high air-pressure areas were so 
positioned as to bring a south wind of 12 or more hours duration to eastern 
Manitoba. It will be observed that the average number of hours of south 
wind in the heavy rust years exceeded that in the light rust years by about 
25 hours, and the average number of days with south wind was greater by 
one in the former than in the latter class of years. The fact, however, 
that, in the medium rust years, the average number of hours and of days 
with south wind are greater than in the other two classes of years, seems to 
indicate that a day more or a day less of south wind is not of much conse- 
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Table 21.— Total hours of south wind (SE., S., SW.) at Winnipeg, Man., between 
June 12 and July 20 from 1921 to 1938, and number of days in which Low 
AND High atmospheric pressure areas were in such a position as to 
bring a south wind of twelve hours or more duration to south¬ 
ern Manitoba between the same dates from 1916 to 1938, 

FOR years in which STEM RUST WAS LIGHT, MEDIUM, 

AND HEAVY IN THE PROVINCE OF MANITOBA 


Light 

Medium 

Heavy 

Year 

Hours 

Days 

Year 

Hours 

Days 

Year 

Hours 

Days 

1917 


18 

1919 


18 

1916 


19 

1918 


15 

1921 

447 

23 

1923 

350 




13 

1924 

601 

21 

1927 

460 


WSSSM 

374 

17 

1925 

428 

19 

1935 

376 

■^9 

1926 

289 

11 

1930 

422 

16 

1938 

420 


1928 

308 

13 

1937 

378 

14 




1929 

465 

22 







1931 

394 

16 







1932 

337 

14 







1933 

446 

19 







1934 

387 

18 







1936 

388 

17 







Total 

3308 

193 


2276 

111 


1606 

84 

Mean 

376.4 

16.1 


455.2 

18.5 


401.5 

16.8 


quence. Actually, it is not so much the duration or frequency of south 
wind that matters but the amount of inoculum that it introduces. The 
likelihood is that in every year the number of hours or of days of south 
wind during the critical period for stem-rust infection is great enough to 
introduce ample inoculum to initiate an epidemic, if weather conditions are 
favourable and stem rust is abundant in the northern Mississippi Valley. 


Wind from Other Directions in Relation to Spore Introduction 

The evidence just presented indicates clearly an association in Western 
Canada between the occurrence of southerly wind and the presence of a 
high concentration of stem-rust inoculum in the air. In regard to westerly 
winds, they pass over the Pacific Northwestern States and British Columbia, 
areas traversed by high mountain ranges that run in a general north-to- 
south direction." These mountains, no doubt, present a considerable 
barrier to the eastward dispersal of fungal spores, but probably not an 
insurmountable one. The ranges are broken by passes, and it is quite 
possible that spores produced in the valleys or plateaux of these areas may 
be carried by surface winds eastward through such passes, or even across 
the mountaiAridges themselves. At any rate, spread of stem-rust in¬ 
oculum in the opposite direction, from the Mississippi Valley into the 
Western Highlands, is known to occur in some years (67, 85). Further¬ 
more, both the Pacific Northwestern States and British Columbia lie in 
the zone of westerly winds, in which the upper winds are prevailingly 
westerly. They are not retarded, as the surface winds* are, by friction 
against the earth, and hence have usually a higher velocity than the surface 
winds. In mountain regions during summer, owing to the unequal heating 
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of the irregular land surface, strongly ascending air columns are commonly 
present. Spores carried up by these to higher levels would be carried 
eastward by the upper winds. Presumably, therefore, in spite of the 
mountain barriers, spores originating in these two areas west of the Rockies 
can be blown into Western Canada. As pointed out earlier, however, it is 
unlikely that any of the early inoculum or even any considerable amount 
of the later inoculum reaching Western Canada originates in these areas, 
although there is evidently the possibility that in occasional years a slight 
amount of the later arriving inoculum may do so. 

Northerly winds play little or no part in the introduction of inoculum. 
They blow across a vast uncultivated area of even topography, and, were 
inoculum present in this area, could readily carry it into the cultivated 
area of Western Canada. As pointed out earlier, however, the growing 
season in the uncultivated area is later than in the cultivated area, and 
hence any inoculum arising on native grasses in the former area would be 
produced too late to have any influence on the course of stem-rust develop¬ 
ment in the latter area. 

Easterly winds before reaching Manitoba, the most eastern portion 
of Western Canada, must pass over a territory several hundred miles wide, 
largely covered with forest or lake. In it, as mentioned earlier, the growing 
season is later than in Western Canada and cereal production is of com¬ 
paratively little importance. The amount of stem-rust inoculum produced 
must be small, but there seems to be no good reason why some of what may 
be produced should not be carried by easterly winds into Western Canada, 
although this inoculum would arrive after stem rust became established in 
the latter area. East of this belt lie the main agricultural areas of Eastern 
Canada—eastern Ontario, Quebec, and the three Maritime Provinces—and 
the more northern Eastern States. The possibility of inoculum produced 
in these two areas being carried by winds to Western Canada seems, in 
general, to be rather slight. 

The basis for this conclusion lies in the fact that, during the summer 
months, the air-pressure areas, as they pass eastward, are seldom if ever 
in a suitable relation or position to provide favourable winds for the purpose 
in question. As a rule, the high pressure areas pass south of the Great 
Lakes and most of the extensive low pressure areas pass over or north of 
these lakes, so that very rarely are the air-pressure areas in such a relation 
as to permit a flow of air from these two eastern areas into Western Canada. 
Furthermore, the movement of these pressure areas eastward is usually 
fairly rapid, and even were they temporarily in a suitable position for 
surface winds to carry spores westward, say from southern Ontario to 
Manitoba, it is doubtful if they would remain long enough in that position 
for the spores to reach their supposed destination. There is even less 
probability that spores could be carried westward by upper winds. The 
regions involved lie in the westerly wind zone, where the upper winds are 
prevailingly from the west. An examination of meteorological maps giving! 
the direction of the upper winds in these eastern areas during the summer 
months—the only period in which aerial dissemination of stem-rust in¬ 
oculum has any significance for Western Canada—shows clearly that 
during these months the upper winds blow largely in an eastward direction. 
Presumably in all the years under review the same general tendency has 
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prevailed. The conclusion, therefore, seems to be justified that little or 
none of stem-rust inoculum reaching Western Canada originates in these 
eastern parts of the continent. 


Prevalence of Winds Favourable to Spore Introduction 

With a view of determining whether or not the hours of wind favour¬ 
able to the introduction of stem-rust spores into different parts of Western 
Canada were appreciably greater than usual in heavy rust years, the mean 
hours of favouring wind for epidemic years and for the whole period (1922 
to 1933) for which data are available are given in Table 22 for five stations 
for the three summer months. At most of these stations wind-hour 
records were initiated in 1922, and hence data for 1916, an epidemic year, 
and the next five years are not included. In the table the hours of wind 
favourable to spore introduction are printed in bold face. 

Table 22. —Mean hours of wind favourable to the introduction of stem-rust 
SPORES in June, July, and August, for four heavy-rust years (1923, 

1927, 1935, AND 1938) and for the 17-year period 1922-1938 
AT FIVE stations IN WESTERN CANADA 




Winnipeg 

Qu’Appelle 

Scott 

Lethbridge 

Lacombe 

Wind 

direction 

Month 

Heavy- 

rust 

years 

17-year 

period 

Heavy- 

rust 

years 

17-year 

period 

Heavy- 

rust 

years 

17-year 
period 

Heavy- 

rust 

years 

17-year 

period 

Heavy- 

rust 

years 

17-year 

period 



hr. 

hr. 

hr. 

hr. 

hr. 

hr. 

hr. 

hr. 

hr. 

hr. 

East 

June 

55.2 

58.8 

61.7 

59.2 

93.3 

86.4 

91.5 

57.0 

56.5 

40.0 


July 

44.0 

47.2 

44 . 7 * 

58.0 

80.0 

81.2 

73.7 

53.6 

76.5 

64.6 


August 

51.5 

56.3 

51.5 

57.6 

63.7 

60.1 

76.7 

51.5 

49.0 

48.2 

Southeast 

June 

130.5 

118.4 

124.5 

112.4 

139.6 

115.9 

45.5 

64.1 

125.7 

117.7 


July 

144.0 

131.9 

85.7 

124.5 

80.5 

116.2 

66.2 

75.1 

95.7 

117.9 


August 

129.7 

135.5 

107.2 

117.2 

82.2 

115.0 

61.2 

68.1 

79.7 

90.2 

South 

June 

92.2 

86.3 

94.7 

78.5 

49.0 

48.9 

63.2 

61.2 

129.7 

96.9 


July 

92.7 

100.7 

69.7 

74.5 

62.0 

65.0 

65.7 

60.1 

114.0 

128.5 


August 

97.5 

102.1 

98.7 

81.6 

69.7 

56.2 

64.7 

57.3 

130.0 

156.9 

Southwest 

June 

59.5 

82.0 

84.7 

105.4 

54.2 

77.7 

96.0 

153.5 

86.0 

88.8 


July 

72.5 

76.5 

123.5 

109.7 

64.0 

69.7 

105.0 

170.9 

115.7 

99.7 


August 

92.5 

92.8 

112.2 

128.6 

88.0 

74.3 

124.2 

165.0 

122.5 

107.0 


* The figures in bold face indicate that at the respective stations the wind was favourable to the introduc¬ 
tion of stem-rust spores. ^ 


Spore-bearing winds in the main can come only from four directions, 
namely, east, south-east, south, and south-west. As in June stem rust is 
usually only present in traces or is absent in Western Canada, and there is 
practically luylikelihood of spores coming from more eastern areas, east 
wind during mis month is not regarded as favourable to the introduction 
of spores in any part of Western Canada, or during the other two months 
in Manitoba. In July and August, however, owing to stem-rust develop¬ 
ment in Manitoba and eastern Saskatchewan, this wind becomes a spore¬ 
bearing one for more western parts. South-west wind is .probably only of 
importance for Manitoba and possibly eastern Saskatchewan, as wind from 
that direction reaching western Saslratchewan and Alberta would largejiy 
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pass over territory in which there would be usually comparatively little 
stem rust. For a similar ^reason, as mentioned earlier, south wind reaching 
the two latter areas is probably of little importance in introducing spores, 
and hence for them is not regarded as a spore-bearing wind. Exceptionally, 
however, south wind may become of importance as a spore-bearing wind 
for these two areas, for, as has already been pointed out, it is probable that 
in 1938 south winds brought a considerable quantity of spores to western 
Saskatchewan and possibly also to Alberta. At any rate, the prevalence 
of stem rust in these two areas in a comparatively dry year would seem to 
indicate that an unusually large amount of inoculum must have been 
present. 

It is evident from Table 22, that for heavy rust years the average 
number of hours of wind favouring the introduction of spores at the different 
stations are in some instances higher, in other instances lower, than the 
average number for the 17-year period. For example, the number of 
hours of southeast wind in June is slightly higher at Winnipeg, Qu’Appelle, 
Scott, and Lacombe, although lower at Lethbridge, for the heavy rust 
years; but in July the number is higher only at Winnipeg, and in August 
at none of the stations. Actually, in June, or the greater part of it, south¬ 
east winds have probably little significance for Manitoba or eastern 
Saskatchewan as far as the importation of spores is concerned, for such 
winds pass largely over a territory of forest and lake, and during most of 
that month stem rust is largely absent from any cereal-producing areas in 
that direction. In this connection, it may be remarked that when spore 
showers occur in June, their occurrence is associated with direct south wind. 
With regard to the other wind directions, a similar situation generally 
obtains. The average number of hours of south wind in June at Winnipeg 
and Qu’Appelle, for the heavy rust years, is slightly higher than the respec¬ 
tive 17-year averages for those two points, although probably not sufficiently 
higher to have any significance, but the average is lower for the heavy 
rust years at Winnipeg in the other two months, and in July at Qu’Appelle. 
For the same two stations, the average number of hours of southwest 
wind in each of the three months (excepting August for eastern Saskat¬ 
chewan) is less for the heavy rust years than for the average year. Broadly 
speaking, the data seem to support the evidence already given that epidemic 
years are not characterized by an increased frequency or duration of winds 
favourable to the introduction of stem-rust spores, and they are in general 
accord with Lambert’s (113) conclusion in respect to the Mississippi 
Valley, namely, that no association exists between years in which stem- 
rust epidemics occur and years in which conditions seem most favourable 
for spores to be blown up fron. the south. 

Factors Contributory to Regional Differences in 
Stem-Rust Severity 

Reference has already been made to the fact that Manitoba and 
eastern Saskatchewan are invariably more severely affected by stem rust 
than are western Saskatchewan and Alberta {cf. Figure 1). In the latter 
region, the comparative freedom from severe stem-rust damage is not 
attributable to resistance in the crops, as susceptible varieties are still 
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almost exclusively grown. The geographical position of the two regions 
and the intimately related meteorological conditions seem to account 
satisfactorily for the marked differences in the amount of infection between 
the two regions. As mentioned previously, the more easterly region lies 
directly north of the Mississippi Valley and is directly exposed during 
periods of south wind to the introduction of stem-rust spores from that 
area, where severe outbreaks of the disease periodically occur. The more 
westerly region, on the other hand, lies north of a mountainous territory 
in which grain-growing is somewhat more limited and stem rust relatively 
unimportant, so that this region is less directly exposed to heavy spore 
invasions from the south. It should be mentioned, however, that for this 
more westerly region (western Saskatchewan and Alberta), an additional 
source of inoculum is the more easterly region (Manitoba and eastern 
Saskatchewan), especially in seasons when a stem rust is prevalent in the 
latter; but this source seldom becomes of importance until the middle of 
July, and in some years even later. 

Winds Favouring or Opposing Spore Introduction 

The advantage of the more westerly over the more easterly region in 
respect to freedom from stem rust is shown in the lesser number of hours of 
wind favourable to the introduction of rust spores. Table 23 gives the 
mean number of hours of wind favouring, and opposing, the introduction 
of spores at six stations in Western Canada for June, July, and August, 
from 1922 to 1938. Winnipeg may be taken to represent eastern Manitoba; 
Qu’Appelle, eastern Saskatchewan; Scott, western Saskatchewan; and 
Lethbridge, Calgary, and Edmonton, the southern, central, and northern 
parts of Alberta, respectively. Winds favourable to the introduction of 
spores in eastern Manitoba are from a southerly direction (SE., S., SW.), 
whereas such winds in Alberta are easterly (E., SE.); unfavourable or 
opposing winds in the former are northerly (NE., N., NW.), in the latter, 
northerly and westerly (N., NW., W., SW.). Between the sector favouring 
and that opposing spore introduction are two opposite sectors, referred to 
as varying, in which the winds may perhaps at one time favour, at another 
time oppose the introduction of spores. 

It will be seen from Table 23 that, during the 17-year period 1922 to 
1938, the mean number of hours of favouring wind per month at Winnipeg 
and Qu*Appelle, the two more eastern stations, are not greatly less than 
the mean number of hours of opposing winds. In fact, at Winnipeg, in 
July and August, the hours of favouring wind exceed those of opposing 
wind. At the stations in the more westerly region (Scott, Lethbridge, 
Calgary, and E^Rmonton), the mean number of hours of favouring wind 
are much less than at the two more easterly stations, and are from two to 
three times less than of opposing wind. Spores therefore originating, for 
instance, in the Upper Mississippi Valley, have not only much farther to 
travel to reach the more westerly region than to reach the. more easterly 
one, but have much fewer hours of favouring wind by which to make the 
journey. 
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Table 23.—Mean hours of wind per month favouring or opposing the introduction 
OF wind-borne spores for June, July, and August during the 17-year 
PERIOD 1922-1938, AT SIX stations in Western Canada, together 
with the mean hours of wind from other directions 


Station 

Classes of wind 

Mean hours per 

month 

June 

July 

August 

Winnipeg, Man. 

Favouring (S.E., S., S.W.) 

286.7 

309.1 

330.4 


Opposing (N.E.. N., N.W.) 

302.7 

296.3 

266.1 


Varying (E., W.) 

127.8 

132.5 

144.8 

Qu’Appelle, Sask. 

Favouring (E., S.E., 3.) 

250.1 

257.0 

256.4 


Opposing (N., N.W., W.) 

281.5 

316.5 

304.1 


Varying (N.E., S.W.) 

179.6 

161.8 

176.1 

Scott, Sask. 

Favouring (E., S.E.) 

202.3 

197.4 

175.1 


Opposing (N., N.VV , W., S.W.) 

388.3 

409.1 

440.9 


Varying (N.E., S.) 

127.9 

135.5 

125.9 

Lethbridge, Alta. 

Favouring (E., S.E.) 

121.1 

128.7 

119.6 


Opposing (N., N.W., W., S.W.) 

469.2 

460.2 

467.6 


Varying (N.E., S.) 

119.3 

126.0 

122.6 

Lacombe, Alta. 

Favouring (E., S.E.) 

157.7 

182.5 

138.4 


Opposing (N., N.W., W., S.W.) 

373.8 

356.3 

372.4 


Varying (N.E., S.) 

166.3 

184.7 

208.7 

Calgary, Alta. 

Favouring (S., S.E.) 

158.3 

167.2 

139.4 


Opposing (N., N.W., W., S.W.) 

430.1 

433.8 

470.4 


Varying (N.E., S.) 

108.0 

112.1 

117.0 


Differences in Rainfall 

With regard to rainfall in Western Canada, it has been shown that 
seasons of medium and heavy rust infection have a greater rainfall than 
seasons in which infection is light. From Table 9, it will be seen that the 
average rainfall for the spring and summer months in the two Manitoba 
divisions is greater than in the eastern Saskatchewan division (Qu’Appelle 
River) and still greater than in each of the two western Saskatchewan 
divisions and the north-central one (Saskatchewan Forks). In the Alberta 
divisions, however, the rainfall shows an increase over that of western 
Saskatchewan, the increase being largely due to the higher rainfall in the 
western portion of those divisions. This general trend in the rainfall of 
Western Canada is represented in Figure 12, which is, for the most part, 
an adaptation of a precipitation map issued by the Research Department 
of the Searle Grain Company Limited, Winnipeg, and represents the long¬ 
time average precipitation of the period April 1 to July 31 of each year 
combined with the average annual precipitation of the period August 1 to 
October 31 of the preceding year. From this figure, it will be seen that the 
precipitation for the months indicated is highest in southern Manitoba 
and in the more elevated area just east of the Rocky Mountains. The 
area of least precipitation spreads out on either side of the Saskatchewan- 
Alberta boundary. In occasional years, there may be wide deviations from 
the long-time average in certain areas, as happened, for example, in the 
South Saskatchewan River division (southwestern Saskatchewan) in 1916, 
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Figure 12. Map of Western Canada showing the average long-time precipitation 
(in inches) during the periods August-October of one year and April-July of the follow¬ 
ing year! The lower portion of the figure indicates the altitude (in feet) of points along 
a Tine passing through Winnipeg, Brandon, Qu’Appelle, Regina, Swift Current, and 
Calgary. 


1923, and 1927, three epidemic years in which the spring and summer 
rainfall was 83, 54, and 70%, respectively, higher than the 23-year average. 
The lower rainfall in western Saskatchewan and eastern Alberta tends very 
probably to afford this more westerly region a certain amount of protection 
against infestations of stem rust, although in passing it may be mentioned 
that in this region in 1938, a year in which stem rust did considerable 
damage, the spring and summer rainfall was an inch or more below average. 
In this region4towever, temperatures are lower, particularly at nights, 
than in the more easterly region, and for this reason the effectiveness of 
the moisture is somewhat greater, a circumstance which perhaps in some 
measure tends to compensate for the lower precipitation. Nevertheless, 
the fact that in four out of the five years in which stem rust was prevalent 
in this westerly region the rainfall was considerably above average, indicates 
that the lower rainfall in this region probably hinders the westward advance 
of the disease. 
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Differences in Temperature 

Earlier in this paper, it was pointed out that, in the more westerly 
meteorological areas of Western Canada, summer temperatures are on the 
average lower than in the eastern divisions. Similarly, temperatures in 
northern districts tend to be somewhat lower than in southern districts. 
For instance, the mean temperature for the 3-month period, June to 
August, in the Red River (Manitoba) division is 65.2° F. and in the Bow 
River (Alberta) division it is 61.3° F., while in the North Saskatchewan 
(Alberta) division it is 58.7° F. The temperature, of course, decreases as 
the altitude increases. It will be seen from Figure 12 that the land surface 
rises from east to west. Winnipeg, for example, has an elevation of 772 
feet and Calgary of 3,438 feet. For tnis western region, as already men¬ 
tioned, August is the critical month in respect to stem rust. When the 
temperature falls below 60° F., stem-rust development is appreciably 
retarded, and even infection may be impeded if the fall is pronounced. 
For the 23-year period under review, the average temperatures for August 
in the five more westerly meteorological divisions are as follow's: in Saskat¬ 
chewan—South Saskatchewan River, 63.0°, and North Saskatchewan River, 
60.3° F.; in Alberta—Bow River, 61.4°, Red Deer River, 59.1°, and North 
Saskatchewan River, 58.3° F. It is thus seen that the average tempera¬ 
ture for August in three of these divisions is below 61° F., a temperature 
below which Stakman and Lambert (207) found that no epidemics had 
occurred in the Upper Mississippi Valley. In another division, it is only 
slightly higher. In spite, however, of the relatively cool temperature in 
August in this more westerly region, stem rust is prevalent in occasional 
years and causes some damage. Nevertheless, there is little doubt that 
the disease is held somewhat in check by August temperatures. The same 
is true of the Saskatchewan Forks division, in north-central Saskatchewan, 
where the average temperature for August is 61.5° F. On the other hand, 
it is evident from Table 15 that the seasons in which stem rust was most 
prevalent in these meteorological divisions were no warmer generally than 
the average season. 

TIME OF SEEDING AND OF HARVESTING IN RELATION TO 
OCCURRENCE OF STEM-RUST EPIDEMICS 

It is generally accepted that the time of seeding and of harvesting a 
crop usually has an important bearing on the amount of stem-rust infection 
that develops in it. Under ordinary growing conditions in any given 
locality, a variety of wheat or of one of the other cereal?' ripens within 
approximately the same number of days from the time it is sown. If 
seeing is early or late, harvesting is usually expected to be correspondingly 
early or late. It has long been known that crops seeded early have a better 
chance than those seeded late of escaping stem-rust damage. Tull (219) 
recognized this fact more than two centuries ago, even though he was 
unaware of the true nature of the disease. Following the severe outbreak 
of the disease in Europe in 1804, Banks (11) stressed the importance of 
early crop maturity in preventing rust losses. In more recent times, it 
has been the experience of many investigators (46, 52, 59, 94, 129, 177, 211, 
and others) to find that early sown crops are usually lightly affected by 
stem rust. The growing of early-maturing varieties, likewise tends to 
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prevent severe losses from the disease (5, 58, 118, 142, 189, 211). On the 
other hand, late sown crops frequently suffer severe rust damage, as like¬ 
wise commonly do late-maturing varieties (9, 34, 46, 52, 65, 67, 69, 89, 
100, 123, 128, 195). Freeman and Johnson (67) point out that the critical 
period for infection in any given locality is a 10-day period about heading 
time, and that if for any reason this period is extended, the amount of 
infection is increased. Peltier (157) claims that an extended fruiting period 
(from heading to ripening) is one of the important factors favouring the 
development of an epidemic. In general, it may be said that when the 
period of exposure to inoculum is lengthened through any cause, the danger 
of heavy infection developing is increased. 

As has been widely recognized, the explanation of the lighter infection 
on early ripening crops lies largely in the fact that when the disease appears 
they are farther advanced toward maturity than are the later ripening 
crops, and hence the disease is present on them a shorter time and cannot, 
therefore, interfere to so great an extent with their development. Besides, 
as the growing season progresses, the severity of the attack tends to in¬ 
crease, and hence the early grain, by ripening early, escapes the maximum 
amount of infection. Late sown crops, on the other hand, are still green 
and in a susceptible condition when inoculum is present in greatest abund¬ 
ance, and are, therefore, exposed to the heaviest possible infestation. On 
account of the cooler weather prevailing in the autumn in north temperate 
regions, such as Western Canada, the fruiting period of late sown crops is 
considerably prolonged and hence their exposure to infection is still further 
increased. 

As a means of avoiding loss from stem rust, early seeding has been 
recommended for many years in Western Canada. This recommendation 
was based on experience and was made years before the source of inoculum 
that initiates stem rust in this region was investigated. Observation had 
shown that the earliest ripening fields usually escaped serious rust injury. 
Why this was the case is now apparent. Wind-borne inoculum undoubtedly 
has always been largely responsible for the initiation of stem-rust infection 
in this region. When once infection was established, the multiplication of 
inoculum, locally, proceeded with greater or less rapidity, depending on the 
number of initial infections and the favourableness of weather conditions. 
Concurrently with this local multiplication of inoculum, ever increasing 
amounts of inoculum were blown in from infected areas to the south, until 
harvesting there was largely completed. The longer the crops remained 
green after infection appeared, the longer was there the; opportunity for 
new infections to occur and the multiplication of inoculum to take place. 

There is no doubt that in any particular year if the varieties grown 
are susceptible to stem rust, the fields to ripen earliest are the ones least 
damaged by theidjsease, nor is there doubt that a prolongation of the period 
between heading and ripening of the crop gives opportunity for increased 
infection until maximum infection is established. The question considered 
here is whether or not in Western Canada seasons in which seeding or 
harvesting, or both, were early are associated with light rust years, and 
those in which one or both of these operations were delayed are associated 
with heavy rust years; and whether or not in heavy rust years the ''fruiting 
period*' of the grain was of more than average length. 
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A good deal of diversity occurs from year to year in the dates on which 
seeding and harvesting operations usually become general in Western 
Canada, the dates for each of these operations being from one to two weeks 
or more earlier in the southern parts of this area than in the northern parts. 
Table 24 gives for years of light, medium, and heavy stem-rust infection 
between 1916 and 1938, the dates on which wheat seeding and harvesting 
began generally in Manitoba and in eastern Saskatchewan, excepting in 
the most northerly parts. The dates for Manitoba have been taken from 


Table 24.— Dates on which seeding and harvesting of wheat began generally in 
Manitoba and eastern Saskatchewan in years when stem-rust infection 
WAS light, medium, and heavy in ti::>se areas between 1916 and 1938 


Light 

Medium 

Heavy 

Year 

Seeding 

Harvest¬ 

ing 

Year 

Set ding 

Harvest¬ 

ing 

Year | 

Seeding 

Harvest¬ 

ing 


Manitoba 


1917 

Apr. 

25 

Aug. 

16 

1919 

Apr. 

25 

Aug. 

1 

1916 

May 

1 

Aug. 

12 

1918 

1 Apr. 

8 

Aug. 

18 

1921 

Apr. 

28 

Aug. 

1 

1923 

Mav 

5 

Aug. 

8 

1920 

1 May 

3 

Aug. 

10 

1924 

May 

5 

Aug. 

23 

1927 

May 

5 

Aug. 

22 

1922 

Apr. 

22 

Aug. 

5 

1925 

Apr. 

15 

Aug. 

10 

1935 

Apr. 

27 

Aug. 

8 

1926 

Apr. 

14 

Aug. 

9 

1930 

Apr. 

15 

Aug. 

5 

1938 

Apr. 

12 

July 

30 

1928 

Apr. 

25 

Aug. 

16 

1937 

Apr. 

26 

Aug. 

4 




1929 

Apr. 

23 

Aug. 

8 










1931 

Apr. 

15 

Aug. 

5 











1932 

Apr. 

19 

Aug. 

1 











1933 

Apr. 

26 

Aug. 

1 











1934 

Apr. 

21 

Aug. 

3 











1936 

Apr. 

29 

July 

24 











Average 

Apr. 

22 

Aug. 

7 


Apr. 

23 

Aug. 

6 


Apr. 

28 

Aug. 

10 


23-year average: Seeding, April 24; Harvesting, August 7 


Eastern Saskatchewan 


1917 

May 

6 

Aug. 

21 

1919 

Apr. 

27 

Aug. 

2 

1916 

Apr. 

24 

Aug. 

23 

1918 

Apr. 

13 

Aug. 

19 

1921 

Apr. 

26 

Aug. 

16 

1923 

May 

4 

Aug. 

21 

1920 

May 

6 

Aug. 

29 

1925 

Apr. 

22 

Aug. 

18 

1927 

May 

5 

Aug. 

29 

1922 

May 

4 

Aug. 

18 

1930 

Apr. 

18 

Aug. 

13 

1935 

Apr. 

23 

Aug. 

11 

1924 

Apr. 

29 

Sept. 

3 





1938 

Apr. 

30 

Aug. 

10 

1926 

Apr. 

19 

Aug. 

18 











1928 

May 

2 

Aug. 

25 











1929 

Apr. 

22 

Aug. 

17 











1931 

Apr. 

11 

Aug. 

11 











1932 

Apr. 

15 

Aug. 

11 











1933 

Apr. 

25 

Aug. 

4 











1934 

Apr. 

18 

Aug. 

12 











1936 

Apr. 

27 

Aug. 

2 











1937 

Apr. 

18 

Aug. 

3 











Average 

Apr. 

24 

Aug. 

16 


Apr. 

23 

Aug. 

12 


Apr. 

29 

Aug. 

19 


23-year average: Seeding, April 25; Harvesting, August 16 
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Crop Bulletins published annually by the Manitoba Department of Ari- 
culture, with the exception of those for harvesting in 1916 and 1917, which 
have been kindly furnished by the Experimental Farm, Brandon, Mani¬ 
toba; those for Saskatchewan, from the Annual Reports of the Saskat¬ 
chewan Department of Agriculture. In the areas indicated, the bulk of 
the wheat crop would usually be sown or harvested each year within two 
weeks of the respective dates given in Table 24. During the years under 
review. Marquis was the variety of wheat principally grown. It is quite 
susceptible to the races of stem rust commonly present in Western Canada, 
and on an average matures in 106 days in Manitoba but requires about a 
week longer to mature in Saskatchewan. 

According to the data given in Table 24, the average date on which 
seeding of wheat became general in Manitoba during the 23 years under 
review is April 24, and for harvesting, August 7, an interval of 106 days; 
in Saskatchewan the date for seeding is April 25 and for harvesting, August 
16, an interval of 114 days. In Manitoba, the average date in the heavy 
rust years for seeding is 4 days, and for harvesting 3 days later than for the 
whole period; thus the average length of time from seeding to harvesting 
in the heavy rust years is 1 day less than the 23-year average. In the light 
rust years, harvesting was on the same day as, and seeding 2 days earlier 
than for the whole period, thus making the period from seeding to harvest 
2 days longer than the average for the 23 years. In other words, the 
average time from seeding to harvest in the heavy rust years was 3 days 
less than in the light rust years. In only one epidemic year (1927) did 
weather conditions delay markedly the maturing of the crop. In 1923, 
the time between seeding and harvest was surprisingly short, only 88 days. 
There is, however, the possibility that in the heavy rust years harvesting 
may have been begun slightly before the crop was fully matured, as there 
was a general belief among farmers that by cutting the crop ‘‘on the green 
side” less damage from the disease would result. This early commence¬ 
ment of harvesting in the heavy rust years, however, would not have 
probably reduced the period between seeding and harvesting by more than 
2 or 3 days at most, so that ripening in the heavy rust years would likely 
have occurred within about the same number of days from seeding as was 
required in the light rust years. 

As already indicated, the average time from seeding to harvest in 
Saskatchewan is about a week longer than in Manitoba. This difference 
is largely due to the somewhat higher elevation of eastern Saskatchewan, 
and the consequently cooler climate. On the average,/ seeding in the 
heavy rust years is S days later than in the light rust years, but harvesting 
is only 3 days later, so that actually the time between seeding and harvest 
in the heavy rust years is 2 days less than in the light rust years, and 1 day 
less than the 234|par average. Here, too, the early cutting of rusted crop 
may account for the shorter period between seeding and harvest in the 
heavy rust years. It may, therefore, he concluded that, on an average in 
Manitoba and eastern Saskatchewan, there was little or no difference 
between the heavy and the light rust years in respect to the length of time 
needed for the wheat crop to mature. 

As seeding was 4 or 5 days later than average in the heavy rust years, 
it would be expected that, other things being equal, the crop in such years 
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would have been somewhat less advanced when stem-rust infection appeared 
than it was in other years, provided the infection appeared at about the 
average time. As shown in Table 25, the wheat crop in Manitoba was 
always in head or heading before stem rust became lightly prevalent in 
that province. In 1923, 1935, and 1938, heavy rust years, a general light 
infection occurred synchronously with heading in eastern Manitoba and 
rapidly became intensified. The same was true of 1937, a year of moderately 
heavy rust in most of Manitoba but of severe infection in the south-central 
portion. A light general infection occurred also at heading time in 1929 
and 1936, two light rust years, but, in these two years, there was not a 
rapid subsequent increase of infection. In other years, a light general 
infection did not appear until several days or longer after the crop came 
into head, and in most of these years the intensification of the infection was 
less rapid than in 1923, 1935, and 1938. In these three epidemic years, the 
crop was undoubtedly less far advanced when infection became severe 
than it was in the other years, and hence heavy infection was longer present 
on the crop. The same observations apply in these years to western 
Manitoba, except that in 1938 heading was practically completed before a 
light general infection became prevalent. The wheat crop in this area 
was thus farther advanced when a light general infection developed than 
it was in eastern Manitoba. 

Unforunately, consideration could not be given in this discussion to 
the years 1916 to 1922, as the data concerning the development of the 
disease and of the crop in those years are not sufficiently complete to 
warrant their being used as a basis for deductions. For the same reason, 
discussion dealing with eastern Saskatchewan is omitted. There is little 
doubt, however, that had the data been available for study the same 
general pattern found for Manitoba from 1923 to 1938 would apply, 
namely, that in the heavy rust years the period from seeding to harvest 
was about of average length, that a light general infection did not occur 
until the crop was heading or in head, and that the light general infection 
passed rapidly into severe infection. It would seem, therefore, that in 
Western Canada, as far as the time factor is concerned in the development 
of stem-rust epidemics, the crux of the situation lies in the early establish¬ 
ment of a light general infection and its rapid transition into a heavy 
infection. Only in one heavy rust year, 1927, was the dev( lopment of an 
epidemic associated with a marked prolongation of the fruiting period of 
the crop. As has been already pointed out, however, a prolonging of the 
fruiting period is undoubtedly of importance every year in the establish¬ 
ment of heavy infection on late ciops. 

CROP MATURITY IN RELATION TO EARLY INFECTION 

It was mentioned earlier that infections rarely or never appear in a 
district of Western Canada until the crop or a considerable part of it in 
that district has headed or is at least in the process of heading. In some 
other parts of the world the appearance of stem rust in the field seems to 
coincide with or follow the heading of the grain crop. Peltier (157) 
mentions that in Nebraska, over a period of 10 years, stem rust was never 
found in the spring on winter wheat before the crop had reached the very 
late boot or early heading stage, a fact which he attributes to lack of 
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inoculum and to unsuitable weather conditions. Traces of it, however, 
do occasionally occur in late autumn on seedling plants of this crop (158). 
Verwoerd (223) states that in the Cape province of the Union of South 
Africa, no infection usually appears before the wheat is in head. According 
to Shitikova-Roussakova (183), infection in the Amur Region in Eastern 
Asia is usually first seen in the field at the time of heading and flowering of 
the wheat. D’Oliveira (53) states that in Portugal stem rust appears in 
the crop during or after heading. In Kenya, East Africa, Thorold (217) 
relates that stem rust does not usually appear until the crop is tillering or 
heading, and Dawson (50), that it nearly always appears late, generally after 
flowering time. 

The freedom, or comparative freedom, from infection of cereals prior 
to heading has been attributed by some investigators to the greater resist¬ 
ance of the less mature plants. In a study of the relation of the time of 
seeding and stage of plant development to rust development, Bolley (21) 
sowed 8 varieties of oats at 14 different dates from April 5 and June 23 in 
1895 and 1896, and concluded from his tests that all varieties were com¬ 
paratively resistant to the rusts (stem rust and crown rust) until a period 
of their growth approaching the flowering time. Later, he (22) states that, 
with some varieties of wheat and oats, the tissue must attain a certain 
degree of maturity before it is congenial to the rust. After mentioning that 
soft succulent wheat stems are more open to rust attack than others, 
Bolley and Pritchard (24) remark that every variety is ‘^more open to 
attack by rust just at the period following heading time to the point of 
full blossom stage.” Freeman and Johnson (67) found that plants in¬ 
oculated between heading and full bloom were more severely rusted than 
plants inoculated before or after this period. They suggest that at that 
stage there may be a particular physiological weakness due to rapid growth 
and abundant elaboration of starch that might increase the susceptibility 
of the grain. 

As a deduction from the results of their trials of wheat varieties for 
rust resistance, Jenkin and Sampson (101) drew the conclusion that there 
appeared to be one or more periods during the maturity of the plant when 
it is most susceptible to rust. In a report on the behaviour of certain 
wheats to rust attack in the vicinity of Paris in 1923 and 1924, Foex 
Gaudineau, and Guyot (62) relate that Goldendrop, a winter wheat, was 
sown in the autumn and in the spring. At the first of August, the spring 
sown plots, still in the tuft stage, were surrounded with plants heavily 
infected with stem rust, but although some leaf-rust pustules were present 
in the plots, there were no stem-rust pustules. The autumn sown plots, 
however, bore a moderate infection of stem rust. This circumstance 
seemed to j§dicate that the stage of growth had some influence on the 
developmenrof the rust. Careful observation of the development of stem 
rust on 1,290 pure lines of wheat, particularly on line^ of Strube, led 
Roussakov and Pantchenko (174) to the conception of immunity in time, 
in contradistinction to absolute immunity, that is to say, immunity only 
until the setting in of a certain stage in the development of the host plant, 
the stage in some lines being that of ear formation, in others the milk 
stage, and in still others the last few days of vegetation. Levine (118) 
states that, although his results might be open to a different interpretation, 
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there seems to be ‘'sufficient observational evidence to indicate that the 
susceptibility of plants does depend to a considerable extent on their stage 
of development. They seem to be quite susceptible in the seedling stage 
and again at about the heading-out stage. In the jointing stage the plants 
show more resistance.*^ 

Gassner (71, 72, 74) concluded from his experiments in South America 
and Germany that wheat plants when young (up to the heading stage) are 
more resistant to stem rust than when older, although resistance again 
appears just prior to ripening. This view seems to be held by Cornclli (42) 
who states that, near Perugia, Italy, a strip of Mentana wheat growing 
between two strips of the Gentil rosso variety was attacked by stem rust 
while the latter variety showed no indication of infection. He points out 
that the Mentana variety is earlier but more rust resistant than the Gentil 
rosso variety, and he attributes the occurrence on the former and its absence 
on the latter (the more susceptible variety) to a difference in plant maturity. 
From experiments in 1927 and 1928 on the effect of the date of seeding on 
the amount of rust infection, Brega (26) found that early sowing appeared 
to conduce to early infection, that is to say, infection appeared earliest on 
the earliest sown plots (these being presumably the farthest advanced in 
degree of maturity). 

On the other hand, Stakman and Piemeiscl (212) found that cereals 
are usually susceptible at any age up to ripening time, and Stakman and 
Levine (208), that oat seedlings up to 35 days of age are quite susceptible. 
Peltier (156) states that in his experience susceptibility to stem rust was 
greater in the seedling stage of cereals than in later stages of growth. 
Goulden, Newton, and Brown (78) proved that certain wheat varieties 
that are susceptible in the seedling stage become highly resistant after 
heading, that is to say, they become resistant with age. Newton and 
Brown (147) have shown that, in wheat varieties possessing mature-plant 
resistance, the younger tissue is susceptible to stem rust while the older 
tissue of the same plants is resistant. Hart and Forbes (82) state that 
wheat plants in southern Minnesota have been observed badly rusted in all 
stages of growth prior to heading of the plants. Lambert (113) points out 
that, in the spring wheat area (Upper Mississippi Valley), stem rust spreads 
from barberry to grasses and grains during the last two weeks of May. 
As at that time of year, spring wheat in that region is noi yet in head, the 
infection must occur on plants in younger stages of development. Further¬ 
more, stem rust usually overwinters on autumn sowm crops. It is also a 
well-known fact that susceptible cereal plants can be successfully inoculated 
at all stages of growth between emergence and maturity. In experimental 
plots at Winnipeg, a limited amount of infection has appeared almost every 
year on susceptible varieties of wheat as a result of artificial inoculation— 
the distribution of inoculum produced under greenhouse conditions—before 
such varieties came into head. There seems to be no doubt, therefore, 
that crops in pre-heading stages may become infected to a greater or less 
extent by stem rust. 

Time of Heading in Relation to Early Rust Appearance 

The question, therefore, arises as to what extent, if any, the appearance 
of field infections in Western Canada is dependent on the stage of crop 
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maturity. Table 25 gives for eastern and western Manitoba the dates on 
which heading of wheat became general each year from 1923 to 1938, 
together with the dates on which stem-rust infections were first detected 
in the field and the dates on which a light general primary infection 
appeared. The dates given for heading becoming general and for the 
appearance of a light general infection represent, respectively, the periods 
in which the bulk of the wheat crop in southern and central Manitoba came 
into head and in which approximately 1% of the plants bore a trace of 
primary infection. Data relative to the other two provinces, Saskatchewan 
and Alberta, are not included in this table owing to their incompleteness, 
but the data that are available for these two provinces are entirely in 
agreement with the observations made in Manitoba, namely, that stem- 
rust infections appear on crops at or after heading. 


Table 25.—Dates on which heading of wheat became general, on which stem-rust 

INFECTIONS were FIRST DETECTED, AND ON WHICH A LIGHT PRIMARY 
infection BECAME GENERAL IN EASTERN AND WESTERN 

Manitoba from 1923 to 1938 



Eastern Manitoba 

Western Manitoba 

— 

Heading 
of wheat 

Holiest 

Appearance of 

Heading 
of wheat 

Earliest 

Appearance of 


stem-rust 

liglit general 

stem-rust 

light general 


infection 

infection 

infection 

infection 

1923 

July 3-10 

July 5 

July 5-12 

July 4-11 

July 6 

July 8-15 

1924 

July 12-19 

July 7 

July 12-19 

July 14-21 

July 18 

July 18-25 

1925 

July 7-14 

June 23 

July 10-17 

July 9-16 

July 12 

July 13-20 

1926 

July 3-10 

July 2 

July 8-15 

June 28-July 5 

July 16 

July 18-25 

1927* 

July 8-20 

July 6t 

July 12-19 

July 4-11 

July 15 

July 17-24 

1928 

July 7-14 

July 9 

July 20-27 

July 3-10 

July 20 

July 23-30 

1929 

July 3-10 

July 3 

July 3-10 

July 5-12 

July 3 

July 4-11 

1930 

July 2- 9 

June 26 

July 6-13 

July 1- 8 

July 5 

July 9-16 

1931 

June 29-July 6 

July 5 

July 7-14 

July 1- 8 

July 12 

July 18-25 

1932 

June 20-27 

June 20 

July 1- 8 

June 19-26 

July 7 

July 10-17 

1933 

June 28-July 5 

June 28 

July 10-17 

June 25-July 2 

July 14 

July 15-22 

1934 

July 5-12 

July 5 

July 9-16 

July 1- 8 

July 15 

July 16-27 

1935 

July 5-12 

July 2 

July 3-10 

July 4-11 

July 3 

July 3-10 

1936 

June 27-July 4 

June 26 

June 27-July 4 

June 30-July 7 

July 1 

July 1- 8 

1937 

July 5-12 

July 1 

July 6-13 

June 28-July 5 

June 28 

June 29-July 6 

1938 

June 26-July 3 

June 22 

June 27-July 4 

June 22-29 

June 22 

June 28-July 5 


* An unusually wet growing season caused marked variation in the stage of crop maturity from field to 
field, hence the period of heading was unduly prolonged. ' 

t Infection first appeared on winter wheat plots at Winnipeg. 


A comparison of the dates on which heading of wheat became general 
and on whi||^a light general infection appeared in eastern Manitoba, shows 
that in several years—1923, 1924, 1929, 1935, 1936, 1937, and 1938—the 
dates were synchronous or nearly so. In all of the other years, the heading 
of wheat preceded, by a few days to a week or more, the appearance of a 
light general infection. Only in 1935 did a light general infection appear 
before heading was well underway. In this year infections began to 
appear in many fields on the uppermost leaves when the heads were only 
partly emerged from the sheaths. Infections on the stems began to appear 
3 or 4 days later. In western Manitoba, there is close agreement of dates 
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in 1929, 1935, 1936, and 1937, but in the other years, heading of wheat 
always preceded the appearance of a light general infection by a less or 
great number of days. It may, therefore, be said that in every year wheat 
in Manitoba had headed or was heading by the time scattered primary 
infections appeared in this crop. This fact does not necessarily indicate 
that the date of heading influenced the time when a light infection became 
general. Indeed, the variation in the length of interval between the time 
of heading and of light general infection from year to year would indicate 
that some other factor or factors determined the time that light infection 
became general. As a matter of fact, the only years in which the appear¬ 
ance of a light general infection could have been delayed by the maturity 
of the crop would be those years in which light general infection syn¬ 
chronized with the heading of the crop, as obviously, after the crop had 
headed, immaturity of the crop could not be held responsible for any delay 
thereafter in the appearance of the rust. Consideration may, therefore, 
be given to those years in which the appearance of a light general infection 
synchronized with the heading of the crop, in order to ascertain to what 
extent in these years the time that a light infection became general was 
influenced by the arrival of inoculum and by weather conditions. 


Time of Appearance of a Light General Infection in Relation to 
Arrival of Inoculum and to Weather Condition 
Prior to Heading of Crop 

Between 1923 and 1938, as mentioned above, the appearance of a light 
general infection synchronized with the heading of the wheat crop in 1923, 
1924, 1929, 1935, 1936, 1937, and 1938. Of these seven years, two, 1923 
and 1924, must be excluded from consideration, as, for them, data relating 
to the time of arrival and the amount of inoculum are lacking. In 1935, 
practically no spores were detected in the atmosphere before June 23, but a 
heavy spore shower occurred on June 24 and 25. Rain fell on June 24, 25, 
and 26, amounting to 0.56 inches, a trace, and 0.18 inches, respectively. 
Much infection undoubtedly occurred at this time. Between June 24 and 
July 5, the average daily temperature was 69.1° F., with an average daily 
maximum of 76.9® and average daily minimum of 61.3® F. Infections 
began to appear at Winnipeg on July 2, and by July 5 a light general 
infection was beginning to become established, which increased unusually 
rapidly to a moderately heavy infection by July 12. With such temperature 
conditions from June 24 to July 5, the time required for a light general 
infection too appear—if, as supposed, much infection occurred on June 24, 
25 and 26—seems rather long (10 to 12 days), but probably not unduly 
long in view of the persistent heavy cloudiness prevailing during much of 
that period. Stakman and Piemeisel (212) claim that in cloudy weather 
the incubation period may be prolonged by a week. The more extended 
but lighter spore showers, from June 28 to July 5, apparently were respon¬ 
sible for the very rapid transition from light to moderately heavy infection. 
There is probably, therefore, little ground for supposing that in this year 
the time of rust appearance was influenced by the developmental stage of 
the crop. 
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To provide a basis for a discussion with respect to the remaining four 
years, data on weather conditions and the time of arrival and the relative 
numbers of urediospores present in the air are given in Table 26 for a period 
of 18 days prior to the appearance of a light general infection on wheat in 
the fields of eastern Manitoba. The probability of dew formation at night 
was arrived at by consultation of Smithsonian Meteorological Tables, 
mentioned in connection with the discussion of dew in relation to outbreaks 
of stem rust. Sufficient data are presented to indicate fairly clearly the 
kind of weather that prevailed during the period involved in each of the 
four years. 

In 1929, a heavy spore shower occurred on June 16 and 17, the number 
of spores intercepted by the slides exposed at Winnipeg being 133 and 193, 
respectively. Rain fell on June 17 and probably there was deposition of 
dew on the preceding night. No more spores, except one on June 27, 
were detected by the slides until July 3, the day on which the first pustules 
appeared and a light general infection began to develop. During the 
interval from June 17 to July 3, the mean temperature was 62.3°, the mean 
daily maximum 73.6°, the mean daily minimum 52.1° the range being 
from 87° to 41° F. The weather was generally cloudy and damp with a 
trace or more of rain on 11 of the 17 days. On the supposition that infec¬ 
tions occurred on June 16 and 17, a period of 16 days was, therefore, 
required for the development of the earliest appearing pustules. The 
question, therefore, to be decided is whether or not, under the temperature 
and light conditions that prevailed, the organism actually required that 
length of time for pustule development. 

To this question perhaps no categorical answer can be given, but some 
indication of the length of time required may be gained from greenhouse 
experiments in which the temperature fluctuated within a more or less 
comparable range. For instance, Newton and Johnson® found that, in 
greenhouse experiments, inoculations made on wheat seedlings on April 28 
resulted in full pustule development by May 16, a period of 18 days, during 
which the mean temperature was 62.6°, the mean daily maximum 74.5°, 
the mean daily minimum 51.2°, and the range from 85° to 42° F. While 
this experiment, and the ones mentioned later were in progress, the weather 
at Winnipeg was generally cloudy, a condition that tended to retard rust 
development. In view of the very considerable cloudiness from June 17 to 
July 3, 1929, there is a good possibility that stem rust would have required 
upwards of 16 days for development. 

In 1936, the first definite spore shower occurred on June 12 and 13, 
and the first pustules appeared in the field on June 26. This spore shower 
was light in comparison with those of 1929 and 1935. Some infection may 
have occurreAn June 12, 13, and 14, although conditions were perhaps not 
very favourable for that process. A trace of rain fell on the first two days, 
but, probably owing to the wind velocity, the plants soon dried and no 
dew was deposited at night. Dew probably was present in the third night, 
but the low temperature (min. 43° F.) likely inhibited any considerable 
amount of infection. On June IS and 16, however, there was rain and the 

* Unptiblithed data of Dr. Ms^garet Newton and Dr. Thorvaldur Johnson, Dominion Laboratory of 
Plant Pathology, Wln^peg, Manilla. 
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sky was completely overcast, so that it is probable infection occurred on 
these days, particularly during the daylight hours of June 15. No further 
spores were detected until June 25 and no more rain fell until June 26, 
although dew likely occurred on several nights of this interval. There is 
a strong probability that the rust pustules that appeared on June 27 rose 
from infections that occured on or before June 16, twelve days or more 
earlier. During this interval the mean temperature was 62.9° F., the 
mean maximum temperature was 74.8°, the mean minimum temperature 
51.1°, the range being from 92° to 40° F. These temperatures coincide 
moderately well with those given for the greenhouse experiment mentioned 
above in connection with the incubation period of stem rust in 1929, 
although the range is 6° F. wider. As there was less cloudiness during the 
period involved in 19v36 than in 1929, a shorter incubation period for the 
rust would be expected, but probably not much shorter than that which 
was actually required. Were it not for the comparatively high tempera¬ 
tures that prevailed during the last three or four days of the period, the 
incubation period would probably have been somewhat longer. 

In 1937, a trace of spores—mostly 1 per day, 11 in all—was detected 
by the slides exposed from June 10 to 18. Light rain fell on June 13, 16, 
and 18, and the possibility that dew occurred on all but one night seems to 
have been good. Unless the spores present were non-viable, it would be 
expected that .some of them would cause infection, as the mean temperature 
from June 13 to 18 was 68.7° F., the temperature range being 51° to 84° F. 
It seems likely that infections occurring at this time were responsible for 
the pustules that began to appear on July 1, about two weeks later. As 
shown in Table 26, some spores were present on June 19 and a light spore 
shower occurred from June 21 to 24. Rain fell on June 19, 22, and 23, 
and dew was probably present at night from June 20 to 23. The likelihood 
is that a moderate amount of infection occurred at this time. From then 
until a light general infection began to appear, a period of about two weeks, 
relatively few spores were present in the air, the sky was moderately clear, 
rain fell only once, and dew seems to have been absent or light on five 
nights. It would, therefore, seem that the increase of stem rust after 
July 6 can be traced fairly directly to infections that occurred prior to 
June 23. From June 19 to July 6, the mean temperature was 69.5° F., 
with a mean daily maximum of 83.2° and a mean daily minimum of 55.9°F. 
the range being from 92° to 46° F. In a greenhouse experiment^, in 
which inoculations of seedling wheat plants were made on April 29, full 
pustule development was attained on May 15, after an interval of 16 days. 
During this interval, the mean temperature was 69.3° F., the mean daily 
maximum 74.7°, the mean dail> minimum 55.3°, the range being from 86° 
to 52° F., but, as mentioned before, the weather was rather cloudy. In 
comparison with the temperature conditions in the greenhouse, the extremes 
in the field for the period discussed are considerably greater and probably 
tended to delay rust development as much as the slightly higher mean 
daily maximum tended to hasten it. Apparently, therefore, in 1937, stem 
rust pustules appeared in the field as early as weather conditions would 
permit. 


» See footnote number 9 on page 370. 
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In 1938, stem rust first appeared on June 22 and a light general infec¬ 
tion began to appear on June 27. It is not probable that the spores present 
from June 19 to 22 were responsible for these infections as the intervening 
period was too short to permit full stem-rust development, although they 
undoubtedly were responsible for later appearing infections. The light 
general infection is probably traceable to spores present on June 13 and 14, 
although the earliest pustules, appearing on June 22, perhaps arose from 
spores present on June 9 and 10. Rain fell on June 13, 14, and IS, and as 
these three days were cloudy and dew was probably present at night on 
June 13 and 15, infection probably occurred during this time. On this 
supposition, an interval of 13 to IS days was required for rust development. 
From June 13 to 27, the mean daily temperature was 65.7®, the mean 
daily maximum temperature 77.1®, the mean daily minimum 54.3®, the 
range being 93® to 38® F. In a greenhouse experiment^’, inoculations 
made on April 24 gave rise to fully developed pustules 17 days later. The 
average temperature for the period was 65.5® F., the mean daily maximum 
temperature 73.8, the mean daily minimum 54.1®, the range being from 
87® to 46® F. Daylight hours were less per day and there was perhaps 
more cloudiness during this period than during that from June 13 to 27, 
1938, so that it is not unreasonable to suppose that, under the weather 
conditions that prevailed during the latter period, rust development in 
the field would have required from 13 to 15 days. 

In view of the comparisons given above, it is probable that, under the 
conditions that prevailed in the field during June and early July, stem-rust 
development proceeded as rapidly as could be expected. As far, therefore, 
as the evidence for these four or five years is concerned, there seems to be 
little ground to support the supposition that the stage of crop maturity 
had any significant influence on the time that the rust appeared in the crop. 

AMOUNT OF INOCULUM AND TIME OF ARRIVAL IN RELATION TO 
SEVERITY OF STEM-RUST OUTBREAKS 

A stem-rust epidemic arises as the result of many infections on all or 
the majority of the plants of one or more cereal crops. As each infection 
is caus^ by a separate spore, a great many spores are involved in producing 
the infections. Besides, a great many spores fall to the ground or lodge 
on non-susceptible plants, so that a much greater number is produced 
than ever succeeds in infecting cereal crops. An abundance of inoculum 
is, therefore, a prerequisite of a stem-rust epidemic. Freeman and Johnson 
(67J point out that if spores are unusually abundant in early summer, the 
first infections may be heavy and widespread and the chances for an 
epidemic may be thereby increased. Stakman (189, 193, 195) emphasizes 
this point in connection with the early spread of spores from infected 
barberry. PeMfcr (156, 157) claims that an abundance of initial inoculum 
is one of the principal factors involved in the development of epidemics in 
Nebraska. Levine (118) states that only abundant inoculum early in the 
season is conducive to heavy rust attacks. Stakman (195), in his analysis 
of the conditions that must exist to permit stem rust to spread from the 
southern to the northern part of the Mississippi Valley, implies the produc¬ 
tion of immense numbers of spores in the southern part of that area. 

u See footnote number 9 on page 370. 
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As under favourable conditions of temperature, an infection requires 
approximately a week to produce spores, it is evident that if the initial 
inoculum is limited the time required for stem rust to reach epidemic 
proportions in any given area will be considerably longer, other things being 
equal, than if the initial inoculum is abundant. If to the initial inoculum 
there is added from time to time increments of wind-borne spores, the 
time necessary for the development of epidemic conditions will be shortened, 
and the greater and more frequent the increments, the shorter will be the 
time needed to attain such conditions. 


Relation in Western Canada in Different Classes ok Years 

In the different parts of Western Canada, for example, in Manitoba 
or eastern Saskatchewan, the period during which stem-rust inoculum is 
produced locally is relatively short, and on this account the multiplication 
of inoculum must be somewhat restricted. The average date for harvest¬ 
ing of wheat to become general in Manitoba is August 7 and in eastern 
Saskatchewan, August 16. Light general primary infection rarely is 
present in Manitoba until the first or second week in July, and in eastern 
Saskatchewan, usually from a few days to a week or more later than in 
Manitoba. As a rule there is then in these two areas—the most seriously 
affected ones—only a period of approximately a month in which the stem- 
rust organism has opportunity widely and intensively to multiply. The 
organism requires about one week to produce a new generation of spores, 
consequently, in these two areas, four generations of spores are about all 
that can be produced in most seasons before the bulk of the wheat crop is 
too far advanced for much infection to take place. It would appear, 
therefore, that as a rule stem rust could scarcely reach epidemic proportions 
unless the initial inoculum arrived moderately early and in considerable 
abundance, and increments of additional inoculum arrived subsequently 
from time to time. 

Light Rust Years 

This conclusion, at any rate, would seem to be supported by the spore¬ 
trapping data given in Table 2. It is evident from this table that in the 
light rust years (1926, 1928, 1931, 1932, 1933, and 1934), the amount of 
wind-borne inoculum in the las* half of June and the first two weeks of 
July was relatively small. The same is true of 1936, although for economy 
of space the data are omitted. Because of the pronounced spore shower 
at the middle of June, the year 1929 is a partial exception to the general 
rule. However, following that shower and up to July 10, the spore content 
of the air was low, and continued low except in the northern part of the 
Red River Valley (represented by Winnipeg), where a moderately heavy 
infection developed on wheat. Without doubt, lack of inoculum in 1928 
was the only factor that prevented an epidemic from developing in that 
year, as weather and crop conditions appeared to be ideal throughout the 
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season for stem-rust development. In 1931, weather conditions during the 
last week of June and the first two weeks of July were very favourable for 
stem-rust development in Manitoba, particularly in the Red River Valley, 
although cereal crops were not so dense and tall as in 1928, and after July 
20 hot weather hastened the ripening of cereals, but if an abundance of 
initial inoculum had been present there is no doubt that very serious 
damage from the disease would have resulted. In the other light rust 
years, weather or crop conditions were probably less favourable to the 
development of the disease than in the two years just referred to, but even 
in these years the likelihood is that, at least in areas where drought was 
not severe, the lightness of the infection was due more to a lack of early 
inoculum than to the unfavourableness of weather and crop conditions. 

Medium Rust Years 

Only data for two medium rust years (1930 and 1937) are given in 
Table 2. As far as stem-rust development in these years is concerned, 
the chief characteristic was that epidemic conditions were somewhat late 
in becoming established, and consequently the earlier sown crops escaped 
with slight to moderate damage. It will be observed in this table that 
spores in the atmosphere were relatively few in both years during the latter 
half of June, and in 1930 continued to be few up to July 10, although only 
to July 4 in 1937. A similar circumstance obtained in 1925, a medium 
rust year, in which heavy spore showers occurred around the middle of 
July and later. In these years, weather and crop conditions (in 1937, only 
in Manitoba) were favourable to the development of stem rust. Moderately 
heavy infection (30 ta50% on most plants) in the field appeared in 1925 
during the last few days of July and early August, in 1930 during the 
fourth week of July, and in 1937 during the third week of July. The 
delayed appearance of moderate infection in the field seems, therefore, to 
be definitely related to the late arrival of inoculum in considerable abund¬ 
ance. When a moderately heavy infection becomes established, sufficient 
spores are perhaps produced locally to ensure the development of maximum 
infection on those crops that require two or three weeks more to mature, 
but increments of inoculum from outside make that result more certain 
of being attained., 

I 

Heavy Rust Years 

In contrast to the comparatively late arrival of inoculum in consider¬ 
able quantity in the medium rust years, it is evident from Table 2 that at 
least in two oAie epidemic years (1935 and 1938) inoculum was plentiful 
in the last week of June in one, and during the last half of June in the other; 
especially in the Red River Valley (represented by Morden and Winnipeg). 
A light general infection developed in Manitoba in 1935 by July 10 (in the 
southern part of the province by July 6) and in 1938 by July 5. Actually, 
in 1935, infection was becoming heavy by July 16, so that from July 2 and 3 
-when infection first appeared, there was a continuous and rapid increase 
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in the amount of infection. In 1938, moderately heavy infection was not 
established until about July 16 and heavy infection by July 25. It would 
appear that in the latter year the great increase of inoculum from July 9 
onward was responsible for the rapid increase of infection after the middle 
of July. In the third heavy rust year (1927), inoculum during the last 
half of June and the first half of July was not particularly plentiful. Stem- 
rust development was slow. A light general infection was present by 
July 18, after which there was little change until about the last of July, 
when the number of infections showed considerable increase. Inoculum 
became abundant in late July, but owing to comparatively cool weather 
heavy infection did not develop until after the middle of August. This 
extended period of rust development was made possible by the exceptionally 
slow rate at which the crop matured in that year. Had the crop ripened 
about the average time, no epidemic would have developed. 

There is a rather close relation in all these years, except 1929, between 
the time the inoculum—much of which must have been introduced— 
became plentiful and the time of rapid increase in the amount of infection. 
A sudden increase in the amount of infection occurred in most years with 
marked regularity about a week after inoculum was abundant, a fact which 
indicates that in most years weather conditions were at least tolerably 
favourable for infection during a shorter or longer period following the 
arrival of inoculum. There can be no doubt that the amount of wind- 
borne inoculum and the time of its arrival are very intimately related to 
the severity of the infection present on the crop at maturity. 

Years 1919 and 1920 

The years 1919 and 1920 are probably not exceptions to this general 
rule. In both years, stem rust was epidemic in the Upper Mississippi 
Valley (113, 207), and consequently it would be expected rhat inoculum in 
considerable abundance would have been blown northward in those years. 
In Western Canada, however, the records available indicate that the out¬ 
break in 1919 was considerably less severe than in 1916 (one of the worst 
rust years), and in 1920 somewhat less than in 1919. On this account, 
1919 has been classed as a medium rust year and 1920 as a light rust year. 
As mentioned earlier in this connection, it might have been just as nearly 
accurate to have classed the former as a heavy rust year and the latter as 
a medium rust year. 

In Manitoba and eastern Saskatchewan, crop conditions in the spring 
of 1919 were good, but the weather became exceptionally warm in June, 
being at different stations from 4^^ to 7® F. above average in Manitoba and 
from 6® to 10® F. above in eastern Saskatchewan. During July, the 
temperature continued high, being from 2® to 6® F. above average in both 
areas, and rainfall was below normal except in eastern Manitoba, where 
infection became very severe. In western Manitoba and eastern Saskat¬ 
chewan, heat was reported to have done about as much damage as the rust. 
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In 1920, the June rainfall was less than average in eastern Manitoba, 
about average in Western Manitoba, and considerably below average in 
eastern Saskatchewan, while the temperature was slightly above average 
in eastern Manitoba but about average in the other two areas. Throughout 
Manitoba, temperatures in July were from 1® to 4® F. above average and 
the rainfall, except at two or three points, was very considerably below 
average; while in eastern Saskatchewan the temperature ranged from 1® 
to 7® F. above average, with rainfall at some points somewhat above, but 
at most points below average. Generally speaking, the season was charac¬ 
terized by heat and drought. Nevertheless, stem rust was prevalent, 
being more abundant than could well have been expected under the condi¬ 
tions. 

It is evident that in these two seasons weather conditions were not 
favourable for rust development, excepting in 1919 in eastern Manitoba 
where, as a matter of fact, stem rust was severe. Judged by the weather 
conditions that prevailed, infection should have been extremely light (apart 
from the exception just mentioned). In spite of these conditions, stem- 
rust infection in 1919 approached, if it did not reach, epidemic proportions, 
and in 1920 it was surprisingly heavy for the conditions that prevailed. 
In both seasons the crop ripened unduly early. It would seem that only 
in the presence of abundant wind-borne inoculum was it possible for such 
an amount of infection to develop as did develop in these two years. 

Cool Seasons 

Heavy stem-rust infection can develop under moderately cool condi¬ 
tions, and some evidence of this fact has been obtained in the present 
investigation. It would probably be more correct to say that the disease 
develops in spite of the cool weather. Such weather not only retards rust 
development but also the development of the host plants, so that the plants 
remain longer green and thus the organism is given a longer period in which 
to develop and spread. Apparently one of the conditions necessary for the 
occurrence of heavy infection under cool conditions is the presence of an 
abundance of wind-borne inoculum to cause mass infection. Under cool 
conditions, rust development probably proceeds too slowly to permit 
locally produced inoculum to be a factor of much consequence, although 
such inoculum, may^ in turn, become wind-borne inoculum and of conse¬ 
quence for some other area. For example, in spite of thel cool weather in 
1904, rather severe infection developed in Manitoba and eastern Saskat¬ 
chewan, undoubtedly as a result of a destructive and widespread outbreak 
in the Upper Mi^issippi Valley, and this condition in the latter area was 
undoubtedly lai^y brought about by wind-borne inoculum from farther 
south where temperatures were more favourable for stem-rust development. 

INTERRELATION OF SOME FACTORS AFFECTING STEM-RUST 
DEVELOPMENT IN WESTERN CANADA 

In the foregoing sections of this paper, an attempt has been made to 
discuss separately various factors in their relation to the development of 
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stem rust in Western Canada. It has been shown that primary infection 
is almost exclusively initiated, if in recent years not entirely, by wind-borne 
inoculum, and that during June and the first three weeks of July such 
inoculum is almost invariably most abundant during periods of south 
wind. Considerable agreement is found year by year in the intensity of 
infection in the Upper Mississippi Valley and Western Canada, and also in 
the relative prevalence of the more commonly occurring physiologic races 
in these two areas. Most years of heavy stem-rust infection are associated 
with years in which spring and summer rainfall, as well as July tempera¬ 
tures, are somewhat above the average. From late June to early August, 
minimum temperatures tend to be higher in the heavy rust years than in 
the light rust years. In most of the light rust years, the rainfall for the 
spring and summer is slightly below average. Infection is almost invari¬ 
ably more abundant in Manitoba and eastern Saskatchewan than in western 
Saskatchewan and Alberta. 

Such relationships are not fortuitous, but are the expression of a 
closely interrelated sequence of events. The prevalence of spores during 
periods of south wind arises from the fact that cereal crops mature earlier, 
and stem rust develops earlier, in the Upper Mississippi Valley than in 
Western Canada. South winds sweeping over rusted grain in the former 
area carry spores northward into the latter area. Consequently, the 
physiologic races prevalent in the one would be expected to be the prevalent 
races in the other. A severe outbreak of stem rust in the Upper Mississippi 
Valley provides an abundance of inoculum for distribution northward in 
Western Canada, and hence increases the chances of a severe outbreak in 
that area. Moreover, both areas have largely the same source of moisture— 
warm moist air from the Gulf of Mexico and the Caribbean Sea, brought 
northward by south winds. There is, therefore, a tendency year by year for 
moisture conditions in the two areas to be similar. For the growing season, 
temperatures, too, are not markedly different, although in the Upper 
Mississippi Valley, the season is somewhat earlier than in Western Canada. 
The expectation, therefore, would be to find a good deal of agreement year 
by year in the intensity of infection in the two regions. 

There is a close interrelation between weather conditions and crop 
conditions, and between thevse and the amount of stem rust that develops. 
The tendency for stem rust to be more prevalent in growing seasons with 
high rainfall arises as a result of the interaction of a number of factors. A 
plentiful supply of moisture induces rapid succulent crop growth, resulting 
in tall, dense stands of grain. Deficient rainfall has the opposite effect- 
Air circulates less freely within a tall, dense stand of grain than within a 
thin, short one, so that following a rain or heavy dew the plants and the air 
surrounding them dry much less rapidly in the former than in the latter 
type of crop. Conditions favourable for infection are, therefore, present 
for a longer space of time, and the more frequently rain occurs the more 
often are such conditions present. Furthermore, stem rust develops more 
vigorously and produces larger pustules in succulent (7, p. 239) than in 
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drier firmer tissue, so that the pustules produce more spores, and, therefore, 
more inoculum is available for distribution in wet than in dry seasons. 
Vigorous crop growth is dependent on suitable temperature conditions. 
So also is rapid rust development. A tendency, therefore, would be 
expected in the heavy rust years for the temperature during the critical 
month for the disease in Western Canada to be somewhat higher, that is 
to say, somewhat closer to the optimum temperature, than in the other 
two classes of years. Given suitable conditions of moisture and tempera¬ 
ture, the amount of infection is dependent on the amount of inoculum and 
the time of its arrival in relation to the maturity of the crop. The failure 
of stem rust, therefore, to attain equal severity in Alberta and western 
Saskatchewan with that in eastern Saskatchewan and Manitoba seems to 
be attributable to the lighter rainfall and lower temperature in the former 
areas during the growing season, and particularly to the lesser amount 
and later arrival of inoculum. 

Some of these relationships can be inferred from a study of Table 27, 
which gives for each day from June 23 to July IS the hours of south wind 
(SE., S., SW.), the number of stem-rust spores intercepted by one square 
inch surface of glass slide, the rainfall, and the daily maximum and minimum 
temperatures, at Winnipeg, for two light rust years (1928 and 1931), two 
medium rust years (1930 and 1937), and two heavy rust years (1935 and 
1938). This table shows that there is a distinct tendency for high concen¬ 
trations of spores to be present in the atmosphere during periods of south 
wind. As such winds usually carry considerable moisture, there is, as 
might be expected, a tendency also for rainfall to be rather frequently 
associated with them. For example, in 1935 a south wind blew all day on 
June 23 and 24 and during the greater part of June 25. A heavy spore 
shower occurred on June 24 and continued into June 25. Over one-half 
inch of rain fell on June 24, a trace fell on June 25, and a light shower on 
the following day. A similar relation is evident in the same year between 
June 28 and July 2, and in 1938 between June 27 and July 1, as well as for 
shorter periods in other years. Thus two of the most important factors 
conducive to heavy infection, inoculum and moisture, are frequently 
brought together in proper sequence. Absence or paucity of spores during 
periods of south wind is mainly attributable either to the lack of inoculum 
farther south, as was the case on June 30 and July 1 and 2^, 1928, or to rain 
washing the air comparatively free of spores, as evidently happened on 
July 3 to 6, 1938. 

Furthermore, there is a tendency for temperatures to rise with the 
occurrence of sAth winds. This happens as a result of the arrival of 
warm air from the south. An examination of Table 27 shows that this 
happens rather regularly when south winds prevail for two or three days, 
as they frequently do. Thus, night temperatures tend to approach more 
nearly the optimum for infection. Besides, the higher temperatures tend 
to stimulate the rapid development of those infections that have already 
taken place. On the other hand, even though weather conditions are 
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favourable for stem-rust development, the disease can make little headway 
unless inoculum is abundant. This fact is emphasized by the comparative 
lightness of the attack in 1928 and 1931. Although weather conditions 
were favourable for stem-rust development throughout the growing season 
in 1928 and in late June and early July in 1931, heavy infection did not 
develop, largely it would seem, through lack of inoculum. 

The occurrence of south winds with their concomitant weather condi¬ 
tions—higher moisture content and temperature—may give rise to short 
periods of warm humid, “muggy,” weather, frequently referred to by 
farmers as “rust weather.” Such weather conditions are generally found 
associated with the south-eastern sector of an atmospheric low pressure 
area as it passes eastwardly across the continent. This is the sector into 
which the warm air from the south, the “tropical” air of the meteorologists, 
flows. If stem-rust inoculum is present in the regions over which the 
south winds blow, it is carried northward by them. When the tropical 
air meets the cooler, and hence heavuT, “polar” air, it is forced to rise, as 
as up an inclined plane, and becoming cooled deposits its moisture as rain. 
Rain occurs also on its western flank, where the cooler polar air pushes 
under it and forces it aloft (Figure 13). There is a good chance, therefore, 
that the introduction of inoculum and the occurrence of rain will be 
associated with periods of warm humid, “muggy,” weather. The belief 
that this sort of weather is a precursor of stem-rust outbreaks is, therefore, 
in the main, fully justified, although the weather is not the direct cause of 
the outbreaks. 





Tabl^ 27 . —Interrelation of some factors influencing stem-rust outbreaks in Western Canada. Hours of south wind, number of uredio- 

SPORES intercepted, RAINFALL, AND AVERAGE TEMPERATURE (FAHRENHEIT), EACH DAY AT WINNIPEG, MANITOBA, 

FROM June 23 to July 15 , for two light, two medium, and two-heavy-rust tears 
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DISCUSSION 

The main purpose of the investigation was to determine the source 
of stem-rust infection in Western Canada and to ascertain the cause of 
the variation from year to year in the intensity of the infection. The 
results of the investigation are summarized at the end of this paper. It is 
only necessary here to mention a few points that were not earlier given 
consideration. 

There is abundant evidence to indicate that in Western Canada early 
infections arise largely or entirely from wind-borne urediospores, and that 
in some years and probably in all these spores originate at a considerable 
distance from this area—four or fi'^e hundred miles and in some years 
even farther. That they can be carried for long distances is not surprising. 
They are extremely small, and can readily be carried about by winds. 
Gassner (72) suggests that the minute echinulation of the surface of the 
spores increases their buoyancy, and thus they do not settle to earth so 
readily as if the surface were smooth. Ukkelburg (220) measured their 
rate of fall in still air, and found it to be 11.5 millimeters per second, 
approximately 136 feet per hour. He calculated that urediospores at a 
height of 5,000 feet and carried by a wind of 30 miles per hour would have 
a theoretical dispersal distance of between 1,100 and 1,200 miles. If the 
spores were at a higher level, or if the wind velocity were greater, the 
distance would be increased. 

Urediospores of stem rust in large numbers reach a height of one mile 
(5,280 ft.) above the earth’s surface and sometimes even nearly double that 
height. This was shown by Stakman and co-workers (203) in an investiga¬ 
tion of the spore content of the upper air over the Mississippi Valley and 
by Peturson (162) in connection with the present investigation (Table 5) 
in Western Canada. Wherever stem rust is abundant, tremendous numbers 
of urediospores are produced, and, if not wet with dew or rain, they are 
readily blown away by winds, even by gentle breezes, but particularly 
by strong sudden gusts, which are of frequent occurrence on hot dry days. 
On such days, too, small whirlwinds are common, and strong upward 
convection currents are numerous. These currents rise at a much faster 
rate than the force of gravity causes the spores to fall, and hence the spores 
are carried aloft, probably to about as high levels as the rising air attains. 
Somewhere about the two-mile level, there is usually a marked thinning 
out in the number of fungal spores present in the air (136, 162, 198, 203, 
233), but some types of spores have been found at a height of about four 
miles (166, 167). 

Of course, it is a general rule that what goes up must come down, and 
rust spores are no exception. Always tliere is acting on them the force of 
gravity, but owing to their buoyancy their rate of fall in the lower air 
levels is very slow. According to Ukkelburg’s (220) data, urediospores 
in still air would require more than a day and a half to settle to the ground 
from a height of one mile. While descending, as a result of the effect of 
gravity, they may, however, meet ascending air currents, and thus their 
sojourn in the atmosphere may be considerably prolonged. They may be 
brought down, however, from high levels relatively quickly by descending 
convection air currents. The descending cooler air, being of greater 



384 


SCIENTIFIC AGRICULTURE 


[Vol. 2S 


density than the warm air at the eai;th’s surface, displaces it, thus giving 
rise to the ascending currents. As the warm air rises, it gradually becomes 
cooler and, if it contains considerable water vapour, this vapour condenses. 
Condensation apparently can only occur if there are present particles of 
solid matter, such as of dust or smoke, to serve as *‘nuclei** on which the 
moisture can condense. Rust spores carried aloft can, no doubt, serve as 
such nuclei, and, as condensation of moisture on them proceeds, their 
buoyancy decreases and they tend to fall more rapidly than would dry 
spores. If the amount of condensation is pronounced, droplets of water 
may thus be formed and the spores may be brought down quickly in the 
resulting rain. 

No attempt seems yet to have been made to investigate the dispersal 
pattern of spores liberated into the air at any particular place and height, 
and hence any discussion of the matter must be largely theoretical, although 
certain deductions can be drawn from observation of the infection pattern 
of stem rust in the field. Where a localized center of infection occurs, 
new infections, as a rule, are most numerous in the vicinity of the center, 
and become fewer in number as the distance from the center increases, the 
greatest distance of spread being in the direction that the prevailing wind 
blows (108, 113, 141, 158). Where an extensive area of heavy infection 
exists, the same general pattern of spread seems to obtain, but on a pro¬ 
portionately larger scale. From such an area, enormous numbers of spores 
are carried aloft, some to greater, some to lesser heights. As already 
indicated, the spore concentration is much greater at the lower than at the 
higher levels. If, therefore, the wind were blowing at the same rate at 
all levels, the spores in the lower levels would settle first, those at the 
higher levels later and at a greater distance from their place of origin. 
Owing, however, to the retarding effect of friction, and particularly to the 
obstruction offered by mountains, hills, forests, and large cities, the wind 
velocity is much reduced near the ground. The retarding effect decreases 
with increased height, so that at a height of 2,000 feet the velocity is con¬ 
siderably greater than at the surface of the earth. The tendency, there¬ 
fore, is for the spores at the higher levels, in contrast with those at the 
lower levels, to bevcarried farther in proportion to their height, and, as 
they are less numerous, to be spread more thinly over the area where they 
finally settle. No doubt, many of the spores that settle early are picked 
up again by the wind and rising air currents and are carried farther onward, 
proceeding as it were by a succession of hops, and in diminishing numbers, 
but their rate of progress would be a good deal slower than that of those 
carried at the higher levels. 

This theoretical pattern of spore spread seems to correspond, as would 
be expected, with the ascertained data, although such data are very limited. 
Lamtert (llS^eports that slides exposed at three feet from the ground 
for 20 hours at distances of 3, 6, and 69 feet from a heavily rusted planting 
of barberries, caught 160,000, 33,000, and 210 aeciospores, respectively, 
while a few days later slides exposed for a week at a distance of 3,300 feet 
intercepted 3,000 spores (approximately 355 per each 20 hours), and a slide 
1 mile away collected a few spores after a 2-day exposure. Stakman (193) 
states that, in southern Minnesota, slides exposed for different periods of 
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time at 4 feet above ground level and at different distances from a heavily 
rusted barberry bush, intercepted aeciospores per square foot as follows: 

In 2 days, at distance of 3 feet 7,000,000 spores 

In 3 days, at distance of 90 feet 45,000 spores 

In 1 week, at distance of ^ mile 144,000 spores 

In 1 week, at distance of 1 mile 100,000 spores 

The number of aeciospores intercepted would be expected to vary 
considerably from day to day, depending on moisture conditions, and wind 
direction, and on *^he occurrence of upward air currents. As the distance 
from the source increased, the number of spores present in the air would 
undoubtedly tend to diminish. 

Owing to the fact that the distribution of stations at which slides were 
exposed in Western Canada was more largely east and west instead of 
north and south, the slide-exposure data (Table 3) are of comparatively 
little value in checking the correctness of the theory in respect to wind- 
borne spores from the south, the direction in which the source of the early 
arriving inoculum lies. This deficiency is compensated to a slight extent 
by certain data for points in the Upper Mississippi Valley. Staknian (193) 
reports that during a strong south wind on June 10, 1929, 600 urediospores 
per square foot (between 5 and 6 spores per sq. in.) were caught near the 
level of grain plants in southern Minnesota, and that on June 16 the number 
was 800 per square foot. On July 4 and 5, about 3,800 per square foot 
(26 or 27 spores per sq. in.) were deposited at F'argo, N.D. At none of the 
stations in Manitoba or Saskatchewan at which slides were exposed in 
1929 were any spores detected on June 10 or on July 4 and 5, excepting at 
Indian Head, Sask,, where, on June 10, two spores were intercepted. On 
June 16 and 17, however, urediospores were present in Manitoba (but not 
in Saskatchewan) in relatively high concentrations (Table 3). It is evident, 
therefore, that the spore shower which occurred on June 16 in southern 
Minnesota continued northward into Manitoba on June 16 and 17, but 
that the ones on June 10 and July 4 and 5 did not. 

Why spores should be present in Manitoba on June 16 and 17 and 
not on the other dates may be open to more than one explanation, but the 
most probable one is based on the circulation of the air on the dates in 
question. On June 16 and 17, a high atmospheric pressure system was 
present over the eastern and a low pressure one over the western part of 
the continent (Figure 10), so that a strong south wind blew up the 
Mississippi Valley for a great distance into Manitoba. On June 10, how¬ 
ever, a low atmospheric pressure system was centered over northern 
Manitoba and Saskatchewan, whh the result ihat a westerly wind was 
brought to southern Manitoba and a north-westerly one to southern 
Saskatchewan. Spores, therefore, present in the atmosphere over southern 
Minnesota would be carried in a north-eastern direction, towards north¬ 
western Ontario. A similar explanation holds for Julv 4 and 5. On the 
first of these dates, a low pressure area was situated to the north-east of 
Winnipeg, so that in Saskatchewan and Manitoba the wind blew from the 
north-west. On the second date the depression had moved farther east¬ 
ward, as a result of which the weather in southern Saskatchewan and 
Manitoba was relatively calm, any \vind present being chiefly from the 
west. 
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Two or three other instances may be given. Stakman (195) relates 
that strong south winds beginning on June 20, 1935, culminated in a heavy 
spore shower on June 24 in the State of Minnesota. Reference to Table 3 
will show that on the latter date a high concentration of spores was present 
in the air over Winnipeg. The concentration was much less at Morden, 
and still less at Brandon, but such differences in spore number are common. 
In 1937, he (196) states that spore showers occurred in late May in the 
Upper Mississippi Valley and that there were fairly heavy ones in certain 
places about June 12. From June 18 to 24 inclusive, spore showers were 
rather heavy in much of this area, 5,000 spores per square foot (approxi¬ 
mately 35 per square inch) being present on June 24 at Brookings, S.D., 
and on June 23 at Fargo, N.D., and during a 24-hour period (June 23-24) 
at St. Paul. It will be seen in Table 2 that some spores were present at 
Morden and Winnipeg on June 12 and also from June 18 to 24. A light, 
but distinct, spore shower occurred on June 23 at Winnipeg. The number 
of spores present in Manitoba between June 18 and 24 was considerably 
less than in the Upper Mississippi Valley, but this circumstance is probably 
due to the fact that, except on June 18 and on June 22 and 23, the high and 
low atmospheric pressure areas were not in a suitable position to bring a 
south wind from far down the Mississippi Valley, and consequently there 
was probably not a high concentration of spores present in the air, and 
hence the number that came as far north as Winnipeg was relatively small. 
At Winnipeg, on June 20, 21, and 24, there was, respectively, only 5, 2, 
and 6 hours of south wind. According to Stakman and Hamilton (202), 
heavy spore showers occurred in the Upper Mississippi Valley in 1938 on 
June 13 and 14. At Fargo, N.D., 1,248 spores per square foot (about 9 
per sq. in.) were caught on June 13. From Table 2, it is seen that during 
the 2-day period June 13 and 14, the number of spores caught at Morden 
was 29, at Winnipeg 5, and at Brandon 8, per square inch. 

There can be no doubt that the spore showers that occurred in Mani¬ 
toba on these occasions were part and parcel of the showers that occurred 
in the Upper Mississippi Valley. They occurred during periods of south 
wind, and as indicated by Stakman, and Stakman and Hamilton, the 
spores constituting the showers, originated in infected areas lying to the 
south, apparently considerably far south, of the Upper Mississippi Valley. 
It is clearly evident, then, that under some circumstances spores originating 
in one area may be dispersed in considerable numbers a very long distance. 

When once viable spores arrive in any district, it might be expected 
that whenever moisture and temperature conditions 'are favourable infec¬ 
tion of susceptible crops would proceed uninterruptedly so long as such 
conditions persist. There seems to be the possibility, however, that the 
opportunities for infection to occur are more restricted than is usually 
supposed, -^or example, Weston (234, 235) found that in bright sunlight 
urediospores floating on water failed to germinate, but they germinated 
under conditions of low light intensities, and in direct sunlight when they 
were covered with green and blue filters. Apparently, then, even though 
moisture, either as dew or rain, is present on plants during the day, little 
or no infection would occur on those parts of the plants directly exposed 
to sunlight. Hart (81) and Hart and Forbes (82) found that closed stomata 
largely excluded the germ tubes of stem-rust spores, so that at night when 
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moisture conditions are likely to favour infection, the stomata remain 
closed and little infection can occur. In this connection, it may be men¬ 
tioned that Allen (3, 4) found that in Kanred wheat only about 10% of 
the germ tubes succeed in entering the stomata, a fact which she attributed 
in part to the naturally small stomatal openings of this variety. 

Closure of the stomata during the day may possibly also interfere 
occasionally with infection, but probably not to any very appreciable 
extent. The stomata of cereal plants are usually open in the morning, 
gradually close in the afternoon, and remain closed at nigh^. Loftfield 
(122) found that there is a tendency for cereals to operate with many of 
their stomata closed, all being open only when the weather is cool, rather 
humid, and with sunlight of moderate intensity. Under unfavourable 
conditions, such as low atmospheric humidity or drought, the stomata may 
remain closed practically all day. This finding is in agreement with that 
of Maximov and Zernova (125), who showed that under drought conditions 
the stomata of wheat plants may remain closed the greater part of the day, 
opening only for an hour or two in the morning. If then, in a dry period, 
spores were present on the plants, and an opportunity for germination 
occurred during the day, infection might not be able to take place because 
of the closed stomata. 

Epidemics of stem rust have been found usually to develop in growing 
seasons with comparatively high temperatures (113, 207, 215, 222, 224, 
238), but it would seem that high temperatures must have less effect in 
some areas than in others on the ultimate amount of infection that may 
develop. Within limits, an increase in temperature accelerates the rate 
of stem-rust development. Stakman and Levine showed (208) that rust 
development is retarded 1 day for every 5 degrees the temperature falls 
below 66.5° F., and for every 10 degrees it rises above 70° F. At 66.5° F., 
fresh infections of stem rust require, say, about 1 week to produce spores, 
whereas at 61.5° F. they would accordingly require 1 day longer. During 
a period of 7 weeks, therefore, one more generation of spores could be 
produced at the former than at the latter temperature. On this basis, 
therefore, it would seem that before high temperatures could be effective 
in influencing the amount of rust present on the crop, infection would have 
to be present in an area for a period of approximately 7 to 8 weeks, that is 
to say, long enough to permit the production of an extra generation of 
spores. One additional generation, of course, may convert what would 
otherwise be a moderate infection into one of extreme severity. 

Probably, therefore, the influence of warm temperatures on the amount 
of infection is most evident in areas where the inoculum must be built up 
from small beginnings, as it must be in areas where the source of infection 
is isolated spots of overwintered rust or infected barberry, and where the 
season is sufficiently long to permit the influence of temperature to find 
expression. For example, stem rust may start spreading from over¬ 
wintered centres of infection in Texas during the latter part of April (113), 
and gradually spread northward up to the Mississippi Valley, finishing its 
course of destruction in that area with the ripening of crops in the northern 
part of Minnesota and North Dakota in early August, a period of approxi¬ 
mately 15 weeks. With favourable moisture conditions, two more genera¬ 
tions of spores could be produced during this period at the higher (66.5° F.) 
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than at the lower (61.S®F.) temperature. In the northern Mississippi 
Valley States, stem rust frequently begins to spread from infected bar¬ 
berries to cereals and grasses during late April and early May (189, 205). 
Between then and the time crops ripen in northern Minnesota and North 
Dakota, there is sufficient time, with a temperature of 66.5® F., for the 
rust to produce at least one generation of spores more than could be pro¬ 
duced if the temperature during the period was 5 degrees lower. 

Where the developmental period of stem rust on crops is less than 7 
weeks, there would probably be insufficient time for an extra generation of 
spores to develop, even though temperatures were optimum. For example, 
in Western Canada, there is, on an average, a period of about 4 or 5 weeks 
in which stem rust has an opportunity to multiply on the bulk of the crop. 
This is largely due to the fact that the grain-growing area has its greatest 
extent east and west, so that much of the crop ripens about the same time. 
A delay of 2 or 3 weeks in the ripening of the crop, such as happened in 
1927, would undoubtedly give opportunity for the production of one or 
two extra generations of spores, and a consequent steep increase in the 
amount of infection. In 1927, however, the extra spore generations were 
made possible by the slow maturing of the crop owing to cool damp weather, 
not through an acceleration in rust development due to high temperatures. 
The influence of high temperatures on the intensity of stem-rust infection 
in Western Canada appears to find expression largely in the increased 
amount of inoculum that may be induced by high temperature in the 
Mississippi Valley and thus made available for wind dispersal into Western 
Canada. If the somewhat higher temperatures in July, of the heavy rust 
years in the latter area, had any marked effect on the destructiveness of the 
rust in these years, the effect was probably brought about by a physiological 
disturbance in the plants themselves as a result of higher loss of water 
(from plants and soil), rather than by an appreciable increase in the amount 
of infection induced by high temperatures. 

Finally, it may be observed that, according to the meteorological data 
presented in this paper, years in which stem rust was of moderate to severe 
intensity in Western Canada were not strikingly different in respect to 
weather conditions from at least some of the years in which stem rust was 
of comparatively little consequence. The mean temperature for the 
3-month period, June to August, was practically the same for the three 
classes of years, and although the mean temperature for July in the heavy 
rust years (69.4° F.) was slightly greater than in the medium (67.9° F.) or 
the light (67.8° F.) rust years, July temperatures in practically all years 
were sufficiently high to promote vigorous rust development. Spring and 
summer rainfall, on an average, was higher in the heavy and medium russ 
years than in the light rust years, but to a considerable extent the excest 
in the former two classes of years is attributable to the exceptionally heavy 
precipitation ifrone or two years of each class. Likewise, there were, on 
an average, more days with rain during the three summer months of the 
heavy and medium rust years than of the light rust years. Whether or not 
dews were more frequent or copious in one class of year than in ano<-her, is 
not known. Broadly speaking, it would seem that those meteorological 
factors that are usually regarded as influencing stem-rust development, 
tended to be, on an average, slightly less favourable in the light rust years 
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than in the other two classes of years. Nevertheless, it would seem that 
the actual severity of the disease in most years was more closely related to 
the amount of wind-borne inoculum that arrived and the time of its arrival 
than to any special weather conditions that prevailed. 


SUMMARY 

1. A study has been made of the epidemiology of stem rust, particularly 
of wheat stem rust, in Western Canada. 

2. The disease regularly appears first in southern Manitoba, more 
often than not in the Red River Valley, and later farther northward and 
westward, the time of its appearance in Manitoba being late June or early 
July and in Alberta a month or more later. The area most severely affected 
is Manitoba and eastern Saskatchewan. 

. 3. Local sources of infection are virtually absent. Barberry, although 
never an important source of infection in Western Canada, had been 
eradicated by the time the present investigation was undertaken; and no 
actual case of overwintering has ever been established, although occasion¬ 
ally a low percentage of urediospores may survive the winter. All spore 
viability seems to be lost before new grow^th of grasses or cereals is available 
for infection in late spring and early summer. 

4. Almost invariably inoculum is present in the air earlier over Mani¬ 
toba, usually first over the Red River Valley, than over Saskatchewan, and 
over Saskatchewan earlier than over Alberta. In any given district, 
inoculum has always been found present in the air in advance of infections 
in the field. 

5. Initial inoculum consists largely, if not entirely, of wind-borne 
spores that originate outside of Western Canada. I"rom time to time 
subsequent influxes of spores arrive to augment the locally produced in¬ 
oculum arising as a result of infections by the earlier wind-borne spores. 

6. The similarity year by year in the amount of infection and in the 
physiologic races present in Western Canada and in the Northern 
Mississippi Valley indicates strongly that the bulk of the wind-borne 
inoculum originates in the latter area. 

7. There is an evident association between years of high spring and 
summer rainfall and years of medium and heavy stem-rust infection, 
although the association is not necessarily a close one and seems to be 
dependent on the presence of some other factor or factors, the chief one 
apparently being the amount of inoculum. The excess rainfall of the 
m^ium and heavy rust years over the light rust years, is not concentrated 
in any one particular month but is spread over the 5-month period April 
to August, the April to May and July rainfall, however, being more con¬ 
sistently above average than the June and August rainfall. 

8. Similarly, years with an above-average frequency of days with rain 
during the spring and summer months tend to be associated with years of 
medium and heavy stem-rust infection. The association does not seem to 
be close and seems to be dependent on the amount of inoculum that is 
present. 
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9. Misty and foggy weather is of comparatively rare occurrence in 
Western Canada and is, therefore, of little consequence in the promotion of 
stem-rust epidemics in this area. 

10. A tendency seems to be evident for the relative humidity to be 
slightly higher in years of medium or severe outbreaks than in years when 
infection was less pronounced, but, probably not high enough to have any 
appreciable influence on the amount of infection. 

11. The frequent occurrence of nights with copious dew in Western 
Canada is undoubtedly of importance in promoting spore germination and 
plant infection in this region. 

12. For the growing season, the mean temperature in Western Canada 
tended to be slightly higher in light rust years than in heavy rust years, but 
slightly lower than in medium rust years. On the other hand, the mean 
temperature for the month of July in the bad rust area was slightly higher 
in the heavy rust years than in the light rust years, but probably not 
sufficiently higher to affect appreciably the amount of stem rust. 

13. The mean minimum temperature for the period June 20 to August 
4—the period in which stem rust makes most rapid development and 
spread in Western Canada—tended to be somewhat higher in the heavy 
rust years and to some extent in the medium rust years than in the light 
rust years. The chief effect of the lower minimum temperature in the 
light rust years is probably to retard rust development rather than to 
decrease the number of infections. 

14. No relationship appears to exist in Western Canada between the 
number of hours of bright sunlight during the growing season and the 
occurrence of stem-rust epidemics, there being apparently sufficient sun¬ 
light in any season to promote vigorous rust development. 

15. A close association is evident in Manitoba between the occurrence 
of periods of south wind and the occurrence of high stem-rust (and leaf-rust) 
spore concentrations in the air during the period June 12 to July 20. The 
association is somewhat less evident in Saskatchewan and seems largely to 
disappear in Alberta. 

16. Although the number of hours, as well as of days, with south wind 
during this period were slightly greater in the heavy rust years than in the 
light rust years, the excess has probably no particular significance in respect 
to the number of spores introduced. 

17. Broadly speaking, it does not appear that winds favouring the 
introduction of spores into different parts of Western Canada were more 
frequent or of greater duration in heavy rust years than in light rust years. 

18. Amori^he factors contributory to the occurrence of more frequent 
and severe outbreaks of stem rust in Manitoba and eastern Saskatchewan 
than in western Saskatchewan and Alberta, may be mentioned, in respect 
to the former areas, their closer proximity to the source region of inoculum, 
greater number of hours of wind favouring inoculum introduction, and 
their somewhat higher rainfall and temperature. The first two of these 
factors tend to ensure a greater abundance of inoculum to those areas. 
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19. Field infection of wheat in Manitoba, and, as far as known, in the 
other two provinces of Western Canada, occurs in an occasional year at the 
time wheat is heading, but in most years after this crop has come into head. 
Nevertheless, the time at which field infections appear seems to be deter¬ 
mined, not by the stage of crop maturity, but by the time of inoculum 
arrival and the subsequent weather conditions. 

20. To a marked extent the establishment of epidemic conditions in 
Western Canada seems to be dependent on the early arrival of an abundant 
supply of wind-borne inoculum. In the medium rust years, wind-borne 
inoculum became plentiful considerably later than in the heavy rust years; 
and in the light rust years, with one exception, it w^as not abundant at all 
or only became abundant late in the season. 

21. With respect to the length of time required for the wheat crop to 
mature, there was little or no difference between the heavy rust years and 
the light rust years. In the heavy rust years, however, seeding was usually 
a few days later than average, and, as infection appeared about the usual 
time and increased rapidly, the crop was subjected during most of its 
fruiting period to severe attack. In the medium rust years, moderate to 
severe infection only became established after the fruiting period of the 
bulk of the crop was about half or more completed. 

22. The interrrelation of various factors influencing the development 
of stem rust in Western Canada is discussed, and an explanation is given in 
justification of the widely-held belief that a period of moist warm— 
‘"muggy”—weather is frequently a precursor of a heavy stem-rust attack. 
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Previous trials in this series of feeding tests designed to evaluate 
Canadian Western grains and elucidate the best methods of using them for 
bacon hog production have demonstrated that, unlike barley, wheat when 
used as the sole basal feed of the ration may be expected to cause a lowered 
carcass excellence sufficient to materially reduce the cash returns from the 
hogs. It seems probable however, that wheat might hv incorporated in 
mixtures with barley with .satisfactory results. The limit to which it might 
be so used is at present unknown. 

There was also the possibility that the best use might be made of 
wheat by restricting it to a part of the feeding period. Whether this should 
be for the finishing period to make use of the high energy Vedue of the 
wheat, or for the growing period to capitalize on its vitamin B content 
in stimulating large feed intake and early growth rate is likewise unknown. 

It was to obtain information on these questions that the hereinafter 
reported feeding trials were carried out. 

EXPERIMENTAL PROCEDURE 

Sixty June-born Yorkshire pigs averaging 44 lb. were allotted at 
random to 10 feeding groups of 6 pigs each. A second replicate of 60 
October-born pigs was started the following December, so that in all 
120 pigs are represented in the data herein reported. Within each feeding • 
group in each replicate, equal numbers of male and female pigs were used. 
All pigs were individually penned and fed. 

On the weekly weigh day on which the pigs individually reached about 
110 lb. in weight they were changed from the .starting “A” ration to the 
finishing “B’' ration. These rations differed only in that the protein- 
mineral supplement made up 15% of the “A*' rations; and 10% in the 
“B” mixtures. 

The protein-mineral supplement consisted of : 

40% Meat lueal— (55% protein). 

25% Linseed oil meal. 

15% Fish meal. 

10% Feeding bone meal. 

5% Ground limestone. 

5% Fine salt. 

1 Contribution from the Faculty of Agriculture, McGill University, Macdonald College, Que., Canada. 
Journal Series No. 193. 

* Professor of Animal Nutrition—Macdonald College, P.Q. 

» Assistant in Animal Nutrition—Macdonald College, P.Q. 
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To each 100 lb. of this supplement, 0.2 grams potassium iodide was 
added when mixed. 

The final rations fed to the several experimental groups were prepared 
by combining the above supplement with the following basal feeds or feed 
mixtures. 

Lot Basal Feed or Feed Mixture 

I Wheat 50% + Oats 50% 

II Wheat 100% (No. 4 Northern) 

III Wheat 75% + Barley 25% 

IV Wheat 50% + Barley 50% 

V Wheat 25% + Barley 75% 

VI Barley 100% (No. 2 C.W.) 

VII Barley to 100 lb. weight followed by Wheat to market weight. 

VIII Barley to 150 lb. weight followed by Wheat to market weight. 

IX Wheat to 100 lb. weight followed by Barley to market weight. 

X Wheat to 150 lb. weight followed by Barley to market weight. 

All pigs until they weighed 110 lb. received daily 15 cc. of feeding 
fish oil of 2000 A and 400 D potency. The starting (A) rations were fed 
three times and the (B) rations twice daily in amounts limited by the pigs’ 
appetites. Actual feeding was done by placing the allowance of meal 
mixture for each pig in his feeding trough and pouring over it about three 
times its weight of water. 

As the pigs individually reached market weight they were slaughtered 
and the carcasses examined by Dominion Government Hog Graders 
according to the scheme of scoring employed for pigs on Advanced Registry 
test. 


The design of the trial made possible a statistical analysis of the vari¬ 
ance of the items of data according to the following scheme. 


Source of Variance 

Degrees of Freedom 

All causes (120 pigs) 

119 

Between 40 sub-groups 

39 

Between 2 sexes 

1 

‘ Between 2 seasons 

1 

Between 10 lots 

9 

Interaction (total) 

28 

Sex X season 

1 

Lot X sex 

9 

Lot X sex 

9 

Lot X sex X season 

9 

Within sub-groups (error) 

80 
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RESULTS 

A summary of the general means of the important items of data 
recoided is given in Table 1 and will seive as a description of the typical 
pig in this test. 

Table 1.—General means of weights, gains and feed intake 


Item 

Mean 

Standard 

Deviation 



lb. 

lb. 

Initial wt. 


43.6 

10.9 

Shipping wt. 




Males 


200.0 

5.64 

Females 


202.0 

5.76 

All 


201.0 

5.7 

Gain 




A ration 

Males 

1.30 

0.13 


Females 

1.19 

0.16 

B ration 

Males 

1.70 

0.23 


Females 

1.51 

0.20 

Total period 

Males 

1.50 

0.13 

Females 

1.36 

0.16 


All 

1.43 

0.15 

Daily feed total period, all pigs 

5.6 

0.45 


Other than for the fact that pigs averaged 44 lb. in weight at the start 
of these tests and that males and females were marketed at the same final 
weights the only matter of importance brought out in Table 1 is the highly 
significant difference in rates of gain between the sexes. This was evident 
from the first. Male pigs have gained from 10 to 15% faster, the greatest 
difference being during the fattening period. 

This same fact may be shown in length of feeding periods needed to 
get pigs to market weight. Between the May-born and January-born 
groups there was no appreciable difference (111 vs. 115 days); but between 
males and females the difference was two full weeks (105 vs. 119 days). 
This was a greater difference than was found between any of the ration 
groups and illustrates the necessity for a consideration of sex difference in 
all pig feeding trials in which gain is one of the criteria of the effect of the 
experimental treatment. 

It may also be pointed out that the females were slightly more variable 
in gains than the males. This was not enough to be a matter of importance 
in these tests, however. 

In Table 2 the average data for the weights and gains of the pigs are 
shown according to the ration comparisons made. In so far as the live 
pig data are concerned, rate of gain and efficiency of ^ration in producing 
gain are the two most important items to be considered. With respect to 



Table 2.—Mean weights, gains and feed intake of pigs 
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Necessary 

difference 

between 

lot 

means 

2.0 

9.0 

5.0 

0.32 

0.55 

0.37 

0.12 

0.18 

0.12 

60*0 

X 

Wheat 

to 

150 lbs. 

43 

114 

200 

4.0 

7.1 

5.6 

1 21 
1.58 
1.39 

1.40 

IX 

Wheat 

to 

100 lbs. 

44 

108 

201 

4.2 

7.3 
5.8 

1.31 

1.60 

1.45 

\ri 

VIII 

Barley 

to 

150 lbs. 

*0 >mo 

4-1 vO CO *-i lO CO 

fvj O CM Tt<VO«0 

CM o 

-H Ol I 

1 

1.41 

vn 

Barley 

to 

100 lbs. 

OO 0\ 4-» 

OJ 0"0 TT? lO 

Tt< ^ Tt< rfvOtO 4-1 ,-4 

^ O 
*-i CM 

• 

1.43 

VI 

Bariev 

100' 

O to t- * 

CM O VO CM to CO 

rf to 00 ’tltr^to 

4^ 

1.37 

lO lO 

> 

^ PQ 

44 

112 

201 

4.1 

7.2 
5.6 

1.20 

1.65 

1.41 

1.41 

o o 

lO 

> i+l 

^ OQ 

45 

109 

200 

4.1 

7.2 
5.7 

1.26 

1.65 

1.46 

1.44 

to to 

CM 

S 2+4? 

> s 

43 

109 

201 

4.1 

6.8 

5.5 

1.29 

1.68 

1.47 

1.51 

II 

Wheat 

100 

00 Os CO 
CMt^tO CM to Ttt 

u-) ^ Ttt'OtO T-l -H -H 

^ ^ o 

^ CM 

1.47 

os 

“1“ 

OS 

I 

44 

107 

202 

4.5 

7.2 

5.9 

1.35 

1.65 

1.51 

1.44 

— ^ 

< a 

43.6 

112 

201 

4.2 

7.0 

5.6 

1.24 

1.61 

1.43 

1.43 

a 

•M 

Initial weights 

Days fed 

Final weights 

Daily feed 

A period 

B period 

Total period 

Daily gains 

A period 

B period 

Total period 

Gains (total period) 
adjusted to aver¬ 
age feed 
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gain it is interesting to note that if the lots are ranked in order of their 
observed gains over the total period the first three were fed rations having 
50% or 75% wheat. 

It seems evident that any penalty in rate (jf gain due to barley is to 
be found chiefly during the growing period. Pigs started on wheat (Lots IX 
and X) made as rapid gains when finished on barley as pigs finishing on 
wheat after a slow start on barley (Lots VII and VIII). These differences 
in gains at the start of the feeding do not appear to be due to lack of palat- 
ability of the barley if the feed intake on the “A” ration is indicative. 
Indeed, excepting for the oats-wheat ration there is no evidence of a dif¬ 
ference in feed intake traceable to kind of diet. The oats-wheat combina¬ 
tion appeared to be particularly well liked by the pigs, though the efficiency 
of the ration was no better than the comparable barley-wheat mixture. 

Wflien the gains are adjusted (by regression) to those expected had all 
lots eaten the same (average) amounts of their respective rations it appears 
in general that ration efficiency declines as barley becomes more than 50%; 
of the basal mixture; or as pigs are slowed up by starting on straight 
barley (then finished on wheat); or are finished on barley after starting on 
wheat. In terms of feeding period these differences are of the order of a 
week in t ime. The slowest group was in market at 27 weeks of age. I lence 
for practical purposes it might be considered that there was little difference 
between any of these 10 ration mixtures. This is in agreement with 
previous tests in this series, viz., that on the basis solely of gains and feed 
efficiency barley and wheat appear to be excellent hog feeds. The dif¬ 
ferences between them are much more apparent in their effects on the 
carcasses produced. 

As already noted, the pigs of this trial were slaughtered and the car¬ 
casses examined by Dominion Hog Graders according to the plan followed 
for hogs of the Advanced Registry tests. Carcass grade is the rail grade on 
which the bonus payments are based. Carcass score is the basis of the 
qualification of sows in the Advanced Registry. Both are measures of 
carcass excellence for bacon production. Since they are not based on 
identical measurements, these two scores do not necessarily agree in all 
respects. Carcass score for example includes an actual measure of leanness. 
This is obtained after cutting the side. This cannot be done on sides to 
be proceSvSed for bacon. In general it may be said that the carcass grade 
is the more important from the practical feeders point of view, while the 
carcass score gives to the researcher the reason for the grades in that 
separate features of the caicass characteristics are more specifically 
measured. 

From Table 3 it is evident that the chief effect of ration composition 
was in the extent of the development of the lean in the bacon rasher. 
In the barley-wheat mixture the area of the “pork chop muscle” of the rasher 
decreases steadily as more and more wheat replaces barley. The difference 
is probably of little practical importance when wheat constitutes up to 
50% of the basal mixture. The wheat-oats combination also showed a 
small lean development as compared to the barley fed lots. 



Table 3.—Carcass measurements. Effect of ration 
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Necessary 

difference 

between 

lot 

means 

4.0 

! 

0.5 

1 0.2 

0.6 

3.3 

X 

Wheat 

to 

150 lbs. 

151 

30.2 

1.6 

5.2 

42.6 

IX 

W’heat 

to 

100 lbs. 

150 

29.8 

1.7 

5.1 

42.9 

VIII 

Barley 

to 

150 lbs. 

153 

30.4 

1.6 

5.8 

43.6 

VII 

Barley 

to 

100 lbs. 

! 153 

i 

I 30.3 

1.6 

5.3 

40.1 

VI 

Bariev 

100 

148 

30.1 

1,7 

5.6 

43.8 

V 

Wheat 25 

Barlev 75 

1 

j 

152 

1 

' 30.4 

1.7 

5.4 

43.8 

IV 

Wheat 50 

Barley 50 

1 151 

j 

31.0 

i 

1.7 

5.2 

42.4 

III 

Wheat 75 
"f 

Barley 25 

149 

30.3 

1.7 

4.8 

40.6 

II 

WTieat 

100 

153 

30.1 

! 1.7 

4.8 

38.9 

I 

Wheat 50 
“h 

Oats 50 

152 

30.4 

1.7 

4.9 

39.3 

£ 

*-> 

Carcass wt. (lbs.) 

Carcass length (ins.) 

Shoulder fat (ins.) 

Area, eye of lean (sq. ins.) 

Per cent lean in rasher 
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The leanest carcasses of all, everything considered, were in: (1) the 
groups fed barley to ISO lb. and finished on wheat; (2) the 25% wheat— 
75% barley; and (3) those on straight barley. These pigs were among the 
more slowly gaining animals, and it is noteworthy that there was a statisti¬ 
cally significant negative correlation between the area of the “eye of lean” 
and the daily gain to market weight. (See later). 

Sex differences are marked in caicass characteristics, as shown in Table 4. 

Table 4.—Carcass Measurements. Eefect on Sex. 


Item 

Males 

i 

Females 

Necessary 

Difference 

Carcass score (%) 

70 

81 

4 

Carcass wt. (lbs.) 

151 

152 

2 

Carcass length (ins.) 

30 1 

30.5 

0.2 

Depth shoulder fat (ins.) 

1.8 

1.6 

0.1 

Depth back fat (ins.) 

1.2 

1.0 

0.06 

Belly thickness (ins.) 

0.8 

0.7 

0.06 

Area eye of lean (sq. in.) 

4.9 

5.6 

0.3 

Per cent lean in rasher 

39.1 

44.5 

1.5 


There can be no doubt that at equal market weight (or carcass weights) 
the male pigs are fatter. This is the chief reason for the lower carcass 
score for males. 

Carcass excellence for practical purposes is best indicated by the rail 
grading, since it is on this basis that bonus payments to the feeder are 
made. In connection with this index of excellence it must be remembered 
that it is subject to the personal factor, being the judgment of a grader. 
It is especially subject in these tests to variations resulting from the mar¬ 
keting of individual pigs at different times so that comparisons on the rail 
with other pigs of the test is not possible. Table 5 summarizes the grading 
records. 


Table 5.—Carcass grades 



I 

11 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

Grade 

1 

Wheat 50 
+ 

Oats 50 

Wheat 

100 

Wheat 75 
+ 

Barley 25 

Wheat 50 

•f 

Barlcy 50 

Wlieat 25 

+ 

Barley 75 

Barley 

100 

Barley 

to 

100 lb? 

Barley 

to 

150 lbs. 

Wheat 

to 

100 lbs. 

Wheat 

to 

150 lbs. 

Males 











A 

3 

1 

0 

2 

1 

5 

3 

0 

1 

3 

B 

3 

5 

6 

3 

5 

1 


5 

4 

3 

C 




* 




1 



Females 



—^ - - 








A 

5 

2 

6 

6 

6 

4 

3 

4 

5 

4 

B 

1 

4 

0 

0 

0 

2 

2 

2 

1 

2 

c 











. 

All pigs 

1 










A 

8 

3 

6 

8 

7 

9 

6 

4 

6 

7 

B 

4 

9 

6 

3 

5 

3 

5 

7 

5 

5 

C 




1 




1 

1 
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Perhaps the most striking feature of these data is the sex difference. 
It seems evident that at market weights of 200 lb. it is exceedingly difficult 
to produce on heavy wheat feeding male pigs which will bring bonuses for 
carcass excellence. The case of the females is sharply different, excepting 
possibly where barley is fed as the entire basal feed. 

These sex differences alone are more clearly shown if presented irre¬ 
spective of ration as follows: 



1 Grade of Carcass 


Sex 




Fotal 


A 

B 

C 

carcasses 

MaU's 

19 

38 


60 

Females 

45 

14 

1 0 

59 


It is difficult to know what this situation ultimately will mean. Must 
separate carcass standards for barrows and gilts be established? 

It has already been shown at this station that some correction'can be 
made by an adjustment in the marketing weights. Male pigs marketed 
15 to 20 lb. lighter than the present accepted weight of 200 lb. results in an 
increase in the proportion of A grades. There is frequently a penalty in 
carcass score, however, for light weight carcasses. Type of pig, partic¬ 
ularly with respect to length, is an important factor governing optimum 
marketing weights. Within a given type, there appears to be a difference 
in carcass characteristics of male and female pigs such that theMatter are 
more suitable for high quality bacon as is it now graded. 



BARLEY too BARLEY 50 BARLEY 0 

WHEAT 0 WHEAT 50 WHEAT 100 


Figure 1 
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Some of the effects of replacing barley by wheat in the basal portion 
of the bacon hog ration are indicated by the data of Lots II to VI inclusive. 
Using the average values of each lot as single observations, simple regression 
coefficients were calculated showing for each replacement of 1% of barley 
with wheat the quantitative change in (1) rate of gain (lb.); (2) minimum 
back fat (in.); and (3) area of ‘‘pork chop muscle*’ in the rasher (sq. in). 
The regressions appear at first to be small, but it will be remembered that 
the effect of replacing half the barley with wheat for example, is 50 times 
the regression. The data are shown graphically in Figures 1 to 3. 

There is no doubt that replacement of barley with wheat tends toward 
faster rates of gain and greater depth of fat on the carcass. The greater 
fatness is reflected also in a decrease in the amount of lean as measured by 
the area of the eye of lean of the pork chop muscle. Multiple correlation 
indicates that about 82% of the variability in the area of eye of lean is 
associated with rate of gain and with increased depth of the external fat 
layer. 

The relation of rate of gain to the leanness of the bacon carcass is of 
some interest inasmuch as rate of gain may be affected by factors other 
than the introduction of wheat into the ration. Simple correlation between 
gains and “eye of lean” are statistically significant (P .05) not only 
because of type of ration but also between pigs on identical rations. 


Table 6.—Simple correlations and regressions, between area of eye of lean 

(SQ. IN.) AND the INDEPENDENT VARIABLE SHOWN. 


Independent variable 

Between lots 

Between pigs within lots 

r 

b 

r 

b 

Daily gain to 110 lbs. 

-.85 

-4.42 

-.23 

-1.15 

Daily gain 110 lbs. to 200 lbs. 

-.66 

-4.65 

-.30 

-0.99 

Daily gain weaning to market 

-.87 

-5.79 

-.32 

-1.54 


This raises several practical problems in pig raising. Is it possible that 
older pigs can always be expected to have leaner carcasses than pigs that 
have made more rapid gains to the 200-lb. market weight? If so, why? 
In these trials neither rate of gain nor shipping age is significantly correlated 
with carcass score either between different rations or between pigs on 
identical rations. However, area of eye of lean was significantly correlated 
with shipping age between pigs on identical rations, but noP between rations. 

Can this effect be attained by the simple expedient of curtailing feed 
during the fattening period? Correspondence from McMeekin^ indicates 
this to be the case, and would appear to support the hypothesis that until 
the pig is about^ifciur months of age the growth made normally tends to 
consist principally of bone and muscle regardless of kind of ration. Full 
feeding during this time permits full and rapid development of these tissues. 
The succeeding growth, however, is normally one predominantly of fat¬ 
tening if liberal feed is available. Some frame and muscle growth still 

* Dr. C. P. McMeekin, Ruakura Animal Research Station. Hamilton, New Zealand. Correspondence to 
author, December 1943. 
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continued nevertheless, and under limited feeding this becomes a relatively 
larger part of the live weight gains. The end result in the 200-lb. pig 
should be a carcass of relatively greater leanness than that obtained from 
the pig that has been full fed during the fattening period. 

The feeding trials herein reported yield no data from which the validity 
of this hypothesis can be judged, though the desirability of such information 
is obvious. (Tests of this hypothesis are now in progress at this station). 



WHEAT 0 WHEAT 50 WHEAT lOO 

Figurk 4 

As to whether wheat is best used in the early part of the feeding period 
or in the final fattening period is not clearly indicated in these tests. No 
consistent significant trends or differences are apparent between these four 
lots in any respect. In actual gains for example the group fed wheat to 
100 lb. and finished on barley stood first, followed by those fed barley^to 
100 lb. and finished on wheat. On the other hand feeding pigs on wheat to 
150 lb. and finishing on barh v stood above barley to 150 lb. with wheat 
finishing. About all that can be said from the figures a\ailable is that 
the pigs starting on barley until 150 lb. made the slowest gains of any of 
the 10 lots, but had carcasses showing a percentcige lean comparable to those 
on pure barley or barley 75-wheat 25 mixture. These three lots ranked 
first in percentage lean (43.8; 43.8; and 43.6); followed by the two starting 
on wheat and finishing on barley, and the barley 50-wheat 50 mixture 
(42.9; 42.6; and 42.4). Barley to 100 lb. followed by wheat to finish 
and the barley 25-wheat 75 mixture was next (40.6; 40.1); and last were 
oats 50-wheat 50, and pure wheat (39.3; 38.9). 
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If these lots show anything at all it is merely confirmation of the 
evidence from the lots fed mixtures of barley and wheat that wheat in 
general tends to cause greater fattening rate and a decrease in the amount 
and porportion of lean tissue in the bacon hog carcass. 

The wheat-oats mixture proved exceptionally palatable and rate of 
gain was the greatest of all lots in the trial. The carcass data, however, 
indicate that oats does not counteract the *‘wheat effect^’ on degree of 
fattening or lean development. Rail grade, which cannot include a direct 
observation of lean development, showed 66% bonus carcass for wheat-oats 
as compared to 66% for barley 50-wheat SO, and 75% for straight barley. 

The reasons for the fattening effect of wheat may be several. The 
fibre content as compared to barley is smaller and fibre is largely indigestible 
by swine. Thus with equal quantities eaten, the wheat rations would 
contain more digestible nutrients than barley. This should mean faster 
gains. 

On the other hand oats contain more fibre than barley. Nevertheless 
the pigs consuming the wheat 50-oat SO mixtures gained more rapidly 
than did those on the wheat 50-barley SO ration. It is true the wheat-oat 
group ate more feed—just enough more that the efficiency of the two 
rations was the same. 

In view of the previous findings in this series of studies on wheat and 
barley concerning the effects of wheat germ on rate of fattening, and the 
known relation between thiamin and fat from carbohydrate, one wonders 
whether the fact that oats carries the highest thiamin content of all cereal 
grains with wheat next is not of significance. 

CONCLUSIONS 

The data from these feeding trials confirm previous findings in this 
series of studies on the value of coarse grain for bacon hog production to 
the effect that as compared to barley wheat tends to cause more rapid live 
weight gains, and on pigs marketed at 200 pounds results in fatter carcasses. 
The latter effect is sufficiently pronounced in rations containing over 50% 
wheat (in the basal portion) to be of practical significance in reducing the 
market returns. 

Male pigs appear to be more subject to carcass damage from heavy 
wheat feeding than females, presumably because of more rapid maturing 
of the male sex. 

There is evidence that leanness of the bacon rasher is correlated with 
rate of live weight gain to 200 lb. which suggests that/restricting feed 
(i.e., total digestible nutrients) intake during the fattening period might 
result in leaner carcasses regardless of kind of ration. 
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BLACK ROT OF RUTABAGAS 

J. K. Richardson 

Dominion Laboratory of Plant Pathology, St. Catharines, Ontario 


[Koceivcd f»jr piiblicnlhiii DccPinber 5, l‘M4] 

Black rot of table rutabagas has been increasini^ in sev'erity since 1940 
in many sections of Ontario, necessitating a study of the problem to formu¬ 
late recommendations in an endeavour to briny^ the disease under control. 

vSince little information was available concerninf*( black rot on this 
particular host, much preliminary investigation was necessary to ascertain 
fundamental information before spe^'ific phases of the problem could be 
studied. The present paper will gi\'e some idea of the information already 
obtained, with recommendations suggested to assist in bringing the disease 
under control. 

HISTORY AND DISTRIBUTION 

Black rot of cruciferous plants w^as one of the earliest discovered bac¬ 
terial diseases of plants, being first described on cabbages by Carman in 
1891 (4). Two years later Pammel (5) published one of the first reports of 
the disease on rutabagas and turnips. vSince that time there have been 
many records in the literature of various etiologic, ecologic and economic 
phases of the disease on other cruciferous hosts. 

The disease was reported on rutabagas in Ontario in 1907 (2) and 
appears to be present wherever crucifers are grow n. Although present in 
Ontario for years, it did not become of significant economic importance 
until 1939-1940. The severity and amount of the disease varies in different 
districts throughout the province, but being present in all, is annually a 
potential menace to the crop. Although black rot is present in Quebec and 
the Maritime Provinces, it is apparently of little economic importance there. 
The disease situation in the Western Provinces is not know n. 

SYMPTOMS OF THE DISEASE 

The earliest visible symptom on the leaves is the appearance of small 
water-soaked areas most frequently along the margin at the terminus of 
a vein, but under optimum conditions for infection, on any part of the leaf. 
As the w^ater-soaked areas enlarge, they turn yellow^ and the earliest infected 
portions die making yellow bordered lesions of necrotic tissue, in which the 
small veins are characteristically dark brown to black in colour (Figure 2B). 
When originating on the edges of the leaves the lesions are roughly triangular 
in shape with the apex tow^a^d the leaf base, infections increase in size, 
several may coalesce, and progress tow^ards the midrib then dow n the leaf 
which eventually dies and falls from the plant. 

Although black rot infected leaves become chlorotic, all chlorotic 
leaves are not necessarily infected wdth the disea^^e since chlorosis and 
defoliation may result from unfavourable environmental conditions. If 

1 Contribution No. 800 from tlie Division of Botany and Tlant PatholoRy, Science Service. Department 
of Agriculture. Ottawa. Canada. 

* Assistant Plant Pathologist. 
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Figure 1. A, suction seed counter; B, base of cone showing 100 holes; and 
C, seeds in culture dish as placed by counter. 


black rot is the causal factor, partially dead leaves will have chlorotic 
areas separating healthy and necrotic tissues and the characteristic dark 
veining. 

In black rot infected fields where leaf spots caused by Alternaria or 
Cercosporella spp. are present, black rot has often been observed associated 
with the fungus lesions. In these cases, the necrotic area is usually regular 
in outline, lighter in colour and more papery in appearance, but having the 
characteristic yellow margins of typical black rot lesions. 

Symptoms in the roots are a blackening of the vascular tissue first in 
localized areas of the vascular ring just beneath the cortical layer (Figure 7) 
and in severe cases scattered throughout the body of the root (Figure 9). 
Since the infection usually enters the root from the top through the vascular 
connections with infected leaves, the amount of discoloration is largely 
dependent on the severity of leaf infection. The blackening occurs first in 
the crown, later following the vascular strands to the base of the root 
(Figure 8). If infection enters from the soil, as sometimes occurs, the black¬ 
ening progresses upwards instead of downwards. The disease progresses 

- ^ - 

Figure 2. A, Healthy leaf and B, leaf showing typical symptoms of black rot. 
Note dark veins in chlorotic areas. 

Figure 3 and 4. Seedlings three weeks old showing black rot infection on all 
cotyledons (chlorotic and necrotic areas). Slightly further advanced in 3 than in 4. 

Figure 5. Healthy seedling, same age as in Figure 3 and 4. 

Figure 6. Seedlings grown from artificially inoculated seed, A, disinfected with 
Semesan before planting and B, not disinfected. 
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during the post-harvest period at a rate varying with the severity of infection 
and with the storage environment, until the root becomes partially or 
wholly pervaded by a spongy dry rot (Figure 10). 

When seed is infected, and young plants are not killed before emergence, 
either one or both of the cotyledons will show the disease at about the time 
the second leaves have developed. The symptoms appear as a marginal 
chlorosis, and then necrosis, usually in the apical indentation at the end 
of the main veins (Figures 3 and 4). Infected cotyledons die prematurely, 
stunt the seedling’s growth (compare Figures 4 and 5), and the disease 
spreads to the new leaves as they develop. 

THE PATHOGEN 

Black rot of rutabagas is caused by the bacterial plant pathogen 
Xanthomonas campestris (Pamm.) Dowson, the etiological and ecological 
relations of which have been thoroughly dealt with on many cruciferous 
hosts (3 and 6). The causal organism can be readily isolated from diseased 
leaf or root tissue and will remain viable and retain its pathogenicity for 
considerable time. The organism was still pathogenic after storage for a 
year at 35^ to 40° F., but remained viable for only four to five months at 
room temperature. 

Throughout the progress of these investigations, the presence of the 
disease has been established by isolation and culture of the organism, and 
confirmed by symptom expression on and re-isolation from artificially 
inoculated leaves of young swede turnip plants. 

EXPERIMENTAL 

Seed Transmission of the Disease 

It has been proved that black rot can be seed transmitted and that the 
pathogen can live on cabbage and BruSvSel sprouts seed for at least 3 years (1). 
During the years 1939-1942 when black rot was increasing in Ontario, the 
acreage planted to the recently introduced Laurentian variety was increasing 
to such an extent that all available seed was being planted the spring after 
it was grown. It was thought that much of the disease may have been 
introduced on this fresh seed. Accordingly, commercial seed was obtained 
from as many sources as possible and tested for the presence of the pathogen; 
500 to 800 seeds from each sample were counted and plated on potato 
dextrose agar jelly with the suction counter illustrated in Figure 1. All 
bacteria which developed from the seeds were isolated and cultured and 
those which resembled the pathogen were used for artificial inoculations to 
determine their pathogenicity. Up to and including November 30, 1943, 
sixty-five samples were tested. From the 35,700 seeds plated, 5,236 isola¬ 
tions were made, a number of which were pathogenic. In the samples 
tested the seeds infected varied from 0 to 6%. 


^^Figure 7. Primary symptoms of black rot. 

Figure 8. Black rot inside the cortical tissues of the root resulting from an 
infection similar to that shown in Figure 7. 

Figure 9. Severely infected root as it appears at harvest time. 

Figure 10. Severely infected root after five months in storage. Note the dry 
spongy nature of the decay. 
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In a test conducted with 12 seed plants grown from black rot infected 
roots, although the disease was sufficiently severe to rot many of the stalks 
prior to blossoming and seed formation, X, campesiris could not be isolated 
from any stalk at a distance greater than 7 inches from the infected root 
and in a number of cases the pathogen did not ascend the stalk more than 
1 inch; 500 seeds from each plant were plated, but in no case was the patho¬ 
gen recovered. 

Viability of Pathogen on the Seed 

Since X. campestris is present on the seed, it seemed desirable to obtain 
some information on the length of time the pathogen would remain viable 
following natural and artificial contamination. In the seed tested, 56% of 
the samples harvested in 1942, 33 from 1941, and a single sample from 1940, 
contained seeds from which X. campestris was isolated. 

One sample of 1942 grown seed showed 3.4% infected seed on May 18, 
1943, but when retested on November 3 after having been stored in the 
laboratory during the intervening 24 weeks, showed only 0.2% infection. 
The fact that infection decreases with the ageing of the turnip seed may 
explain, in a measure, the correlation between the shortage of seed stocks 
and the increase of black rot in Ontario in recent years. 

On a number of occasions, samples of clean seed were inoculated with 
water suspensions of X. campestris, dried at room temperature, and stored 
in various environments. Periodic isolations from this seed recovered 
the pathogen in one case 4 months after inoculation, but viability decreased 
very rapidly after 2 months. Whatever the explanation, it is quite evident 
that the pathogen remains viable for much longer periods on naturally con¬ 
taminated seed. 

Seed Disinfection 

Although it is realized that treatment with hot water is probably the 
most effective method of killing black rot bacteria associated with the seed, 
the difficulties involved in its use make it unsatisfactory as a general recom¬ 
mendation. 

Tests were conducted with two objects in view; first, to find a disin¬ 
fectant that was relatively simple to apply and capable of killing the 
pathogenic bacteria; and second, one that in addition to being effective, 
could be applied to the seed at its source before packaging, to relieve growers 
of the necessity of treating their own seed. In the latter case, the possible 
detrimental effect on the seed when treated several months in advance of 
planting, had to be determined. 

All tests on the efficacy of the various disinfectants were made with 
seed artificially inoculated by soaking for 10 minutes in a water suspension 
of X, campestm^ dried at room temperature, disinfected the following day 
and planted in flats of steamed soil. The number of diseased seedlings 
appearing in the flats was taken as an index of the efficiency of the chemical 
tested. 

The effect of the disinfectant on th.e viability of the seed was recorded 
by germination tests on filter paper. 
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In the followinjy table, the control obtained by the disinfectants men¬ 
tioned is recorded as the average of five separate tests with 200 seeds each. 

Table 1.—Percentage germination and amount of disease in artificially 

INOCULATED SEED TREATED WITH VARIOUS DISINFECTANTS, AND EFFECT OF 
disinfectants ON GERMINATION 


Disinfectant 

Germination 

Hlack kot 

Cierniination of non-inoculated seed 
stort*d in paper bags after 
disinfection 




2 days 

8 months 

1 17 months 

HgCP 1/1000 

% 

% 

% 

% 

% 

92 

0.32 




Scmesan 

89.30 

1.34 

98.5 

99.0 

95.0 

Cercsan 

57.50 

1.22 

86.5 

67.5* 

52 Ot 

Zinc oxide 

94.60 

1.90 

97.0 

96.0 

94.0 

Spergon 

93.50 

2.14 

97.0 

97.5 

100.0 

Cuprocide 

91.80 

1.63 

99.5 

99.5 

99.0 

Thiosan 

93.90 

12.14 

, 97.0 

96.5 

94.5 

Arasan 

93.55 

16.71 

91.0 

95.0 

91.5 

Fermate 

92.60 

21.06 

97.5 

98.5 

97.5 

None 

91.40 

46.17 

98.5 

99.5 

98.5 

Not inoculated 

93.70 i 

0.00 

98.0 

99.0 

97.5 


• 10 weeks, 
t 11.5 months. 


Soil Transmission of the Disease 

It has been proved that the disease can be initiated by the planting of 
infected seed and it is also known that the spread from leaf to leaf and thence 
to the root takes place quite rapidly under warm humid conditions. The 
possibility of infection from the soil however, though suggested in some 
cases, had not been definitely established. To prove this point, steam 
sterilized soil was inoculated with a quantity of finely ground infected 
swede turnip roots, then planted with seedlings of Essex Rape, and Purple 
King and Laurentian swede turnip on November 24, 1942. 

During the five months the plants remained in the soil, there was some 
variation in their rate of growth and a number of the plants developed 
typical black rot lesions on some of their leaves. When harvested, all 
roots were pulled and sliced horizontally every quarter inch to determine 
if the disease w^as present and whether the infection had progressed upwards 
or downwards in the root. This could be quite readily determined by 
comparing the intensity of the vascular discoloration in successive slices. 


Table 2.—Percentage occurrence of •'vpes of infection of roots of cruciferous 

PLANTS GROWING IN ARTIFICIALLY INOCULATED SOIL 




Infection 

Infection 

Infection 

Crop 

Healthy roots 

upwards 

downwards 

1 in both 

through root 

through crown 

directions 

Rape 

75.0 

10.7 

3.6 

10.7 

Purple King 

25.0 

25.0 

0.0 

50.0 

Laurentian 

7.1 

64.3 

10 7 

17 9 
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It was also demonstrated that similar infection will occur after a water 
suspension of a pure culture of the pathogen has been added to the soil in 
which young seedlings were planted. 

This clearly demonstrates that the presence of the pathogen in the soil 
can be a potential source of infection to the crop. 

Field Experiments and observations during the 1943 Growing Season 

There was extremely heavy and frequent precipitation during the 
early part of the season with the result that most fields were sown con¬ 
siderably later than usual and many had to be resown because of heavy 
rains, immediately following sowing. However, subsequent environmental 
conditions were ideal for rapid growth during the early summer, but later 
in the season growth was arrested by drought, resulting in lack of size in 
many of the late sowings. 

At regular intervals during the growing season, surveys of several of 
the largest producing areas were made in order to check on the general 
black rot situation, to compare fields planted with disinfected and untreated 
seed and to obtain information on disease spread and other factors relating 
to the problem. 

Six lots of seed were treated at the laboratory and planted by farmers 
in various districts. All other disinfections were done by the individual 
growers themselves according to recommendations contained in a circular 
distributed from this laboratory, but no check was made on the accuracy 
of the methods employed. 

Although there were a number of fields planted with untreated seed 
which showed very little black rot and some fields planted with disinfected 
seed which showed a comparatively high disease content, by and large, 
fields planted with disinfected seed had a more even stand, were more 
vigorous, and had appreciably less disease than those where untreated 
seed was used. 

Twenty fields planted with seed disinfected with either Semesan or 
mercuric chloride, and 12 planted with untreated seed were critically 
examined with results as shown in the following table. 


, Table 3.—A comparison of the amount of black rot in 

FIELDS PLANTED WITH DISINFECTED AND UNTREATED SEED 





Amount of Disease 

Disinfected Seed 

Untreated Seed 
/ 

None 

2 

0 

Trace 

15 

2 

Slight 

2 

3 

Moderate 

1 

1 

4^vcre 

0 

6 


There were no marketable rutabagas from three of the six severely 
diseased fields planted with untreated seed, while in the remaining three 
only part was saleable. 

The fact, already shown, that different samples of seed vary greatly 
in their disease conteixt, may readily explain the variation in the amount 
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of disease in fields planted with untreated seed. Although there is no way 
of determining the origin of infections responsible for the disease in fields 
planted with disinfected seed, any one or a combination of three factors 
may have a bearing on the condition. First, seed disinfection is seldom 
perfect, and since some 190,000 seeds are sown on every acre, it is quite 
possible that the disease might originate from the few imperfectly disin¬ 
fected seeds that produce diseased plants. There is also the possibility 
of infection from the soil or from other cruciferous plants in close proximity 
to the fields. 

It was apparent that under favourable environmental conditions the 
disease can spread very rapidly through fields by splashing of rain, insect 
transmission, and working in the crop when the foliage is not dry. Many 
diseased fields revealed the presence of definite infection centres, generally 
located along surface washes or in depressions where the ground remained 
moist for considerable periods and from which the disease radiated. 

Humid conditions are essential for the spread of the disease because 
although there was a rapid increase in its incidence during early summer, 
little or no spread took place, even in severely infected fields, in late summer 
and early fall when drier conditions prevailed. 

Field observations during the 1044 Season 

The beneficial results obtained from the use of disinfected seed in 1943 
were so striking that growers and distributors were convinced that nothing 
l)Ut treated seed should be planted. 

As a result it is estimated that over 95% of the seed planted in 1944 
was disinfected either before packaging, by distributors, or before being 
sown, by the growers themselves. In most of the commercial disinfection, 
Semesan was UvSed but some Arasan treated seed also reached the market. 

Although weather conditions were favourable for the development of 
black rot, especially in the late vsummer and fall, the disease was of little 
economic importance where Semesan or mercuric chloride disinfected seed 
was used. However, in a number of instances where untreated seed was 
planted the disease was severe. 

CONTROL OF THE DISEASE 

Although there are still many phases of the black rot problem on which 
there is ao information available, and repetition of many of the tests herein 
described would greatly increase their value, nevertheless from the inform¬ 
ation accumulated to date, it is possible to formulate certain control recom¬ 
mendations that should aid materially in the r^^duction of the disease in 
this province. 

Never plant untreated seed. If it has not been disinfected before 
reaching the retail market, it should be treated by the grower before planting 
with either Semesan powder or a liquid ^solution of mercuric chloride 
(corrosive sublimate). If Semesan is used, half fill a screw capped container 
with seed and add the recommended quantity of disinfectant. Shake the 
contents vigorously until every seed is thoroughly coated with the powder, 
then screen off the excess before sowing the seed. It is beneficial to treat 
well in advance of planting, wrapping disinfected seed in a clean paper 
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bag, not the original container, until ready to use. When treating with 
corrosive sublimate, make a water solution 1-1000 (1 tablet in a pint of 
water) in a non-metallic container. Place the seed loosely in a porous 
cotton or cheesecloth bag and soak in the solution for 20 minutes, keeping 
the seed immersed at all times by prodding with a blunt stick. Remove 
seed from the bag and dry as rapidly as possible. Best results will be 
obtained if seed is sown as soon as it will flow freely. Utmost care should 
be used in handling all disinfectants for they are deadly poisonous. 

Practise at least a 4-year rotation and do not plant rutabagas in the 
same field or immediately adjacent to one which grew a cruciferous crop 
the previous year. 

If possible, it is advisable to plant in a well drained field where there is 
little surface washing and few depressions where water is liable to collect 
and the soil remain soaked for any length of time, particularly if the surface 
drainage comes from farm buildings or a field previously infected with 
black rot. 

When cleaning out the root cellar, never put refuse on the manure or 
compost pile where it could be again returned to the land; and after the 
removal of debris, all walls, floor and ceiling should be disinfected by 
thoroughly spraying with a solution of bluestone (copper sulphate) 1 lb. 
in 10 gallons water, or formalin, 1 pint in 6 gallons >yater. 

If a field of rutabagas becomes severely infected with black rot just 
before harvest time, it is advisable to dispose of the crop for immediate 
consumption, since in a comparatively short time the disease can infect the 
roots sufficiently to impair their market value seriously. Roots from a 
diseased field should never be placed in storage for future shipment because 
the disease is sure to cause severe loss by spreading through the stored stock. 

SUMMARY 

Black rot of rutabagas has been increasing in Ontario since 1939, 
resulting in severe losses to many producers. The rapid increase in 
popularity of the Laurentian variety, necessitating the use of fresh seed, 
may have considerable bearing on the situation. 

The symptoms of black rot, which affects cruciferous hosts generally, 
are characteristic and not easily confused with other leaf and root diseases, 
the pathogen Xanthamonas campestris is a seed borne vascular parasite, 
quite readily isolated and cultured. 

Chemical seed disinfectants vary in their lethal effects upon the patho¬ 
gen. Mercuric chloride and Semesan have given the most satisfactory 
results. 

Infecti^ may enter the plant through the leaves, or from the soil 
through the roots and under humid conditions spreads very rapidly. 

In 1943 striking reductions in the amount of black rot were noted in 
fields planted with disinfected seed, and in 1944 when over 95% of the seed 
was disinfected the disease was not of economic importance. 

Recommendations for controlling the disease are outlined. 
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SHATTERING IN OATS^ 

R. A. Derick and D. G. Hamilton* 

Central Experimental Farm, Ottawa^ Ontario 
[Received for publication December 29, 1944] 

The more extensive use of the combine has created a greater interest 
in varieties that will withstand weather conditions that favour shattering. 
In the case of oats, the comparatively loose attachment of the spikelets 
favours shattering when an over mature crop is subjected to high winds, 
rain, hail or even ordinary handling. In studying the question of varietal 
resistance to shattering in oats at Ottawa over a period of two years, data 
have been collected which may be of interest to those working with this 
crop. 

Very little Investigational work has apparently been done on shattering 
in oats and only one reference has come to the notice of the writer, i.e., 
^Txperlmentelle Untersuchungen uber des Ausfallen der Korner bei Hafer 
und Weizen”, by F. Priebs, in Bot. Archiv. 27 ; 1-59, 1929. This paper 
deals with the problem of shattering in oats, first in relation to the effect 
of weather and second on the influence of spikelet attachment. The data 
were obtained by using two methods of artificial shattering, i.e., the “drop*' 
and the “shake" methods. In the former the panicles were dropped from 
a distance of 90 cm. 8 times, and in the latter the panicles were subjected 
to horizontal shaking covering a distance of 46 mm. for 90 seconds or 375 
times. Apparently weather conditions during the growing season are 
associated with shattering in oats, and the work reported by Priebs shows 
that high precipitation during the period of greatest growth causes more 
shattering, 

A further effect of high precipitation during this period is that it 
hinders the development of sclerenchyma tissue at the point of spikelet 
attachment therefore increasing the tendency to shatter. In dealing with 
the spikelet attachment this author states that the size of peduncle base, 
and the angle of spikelet attachment are directly associated with shattering. 
The larger the peduncle base and the closer the approach to a right angle 
spikelet base, the greater the resistance to shattering. 

MATERIALS AND METHODS 

The object of the work on this problem at Ottawa has been to deter¬ 
mine whether varieties differ in shattering tendencies and to make use 
of such findings in the oat breeding program. On account of the difficul¬ 
ties of studying shattering under natural conditions, cln effort was made 
to use machine shaking as an index to varietal resistance, although both 
methods have been used in accumulating the data presented below. 

In 1941 eight varieties were studied for shattering resistance and 
panicles wereAollected from each variety in a quadruplicate test, the 
samples being taken from the outside rows in 5 rod-row plots. A duplicate 
set of 10 sample panicles was taken at the time of maturity and a single 

1 Contribution No. 132 from the Cereal Division, Experimental Farms Service. Centra 1 Experimental 
Farm, Ottawa, Ontario. 

* Agricultural Scientists. (Junior author on Active Service.) 
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set 10 days later. With 1 of the duplicate sets of 10, spikelet counts were 
made to determine the actual loss in field shattering up to full maturity. 
Similar counts were made on the panicles collected 10 days after maturity. 
The duplicate set of 10 panicles collected at maturity was subjected to 
machine shaking, the extent of agitation being 215 shakes a minute over 
a distance of 72 inches. In the same year, the same set of 8 varieties was 
grown in a special replicated shattering test at the Experimental Farm, 
Indian Head, Sask. The data obtained from this test were based on the 
number of shattered spikelets per panicle per row. One count was made 
at maturity and a second, 5 days later following an extremely high wind. 

In 1942 this work was repeated at Ottawa with 12 varieties. Panicles 
were collected three times at intervals of 10 days, the first being taken at 
maturity. Duplicate samples were taken on each of the three dates for 
machine shaking. Shattering data were obtained as noted in the 1941 
tests at Ottawa. 


'Fahle 1.—Percentage of field and machine shattering in eight oat varieties 

AT Ottawa in 1941 


Variety 

1st cutting 

2nd cutting* 

Field 

Field 

Macliine 

l)asi\ 

0.9 

9.6 

2.8 

V^anguarcl 

5.4 

14.0 

7.0 

Onward 

2.7 

7.5 

19.9 

Bambu 

1.3 

22.7 

23.9 

Lasalle 

4.4 

17.9 

21.5 

Len. 51-2 

3.4 

28.3 i 

28.8 

Banville 

6.7 

32.7 

29.5 

Anlri 

4.9 

19.9 

61.3 

Sig. difference 

4.3 

12.0 

1 23.7 


* No .samples taken for machine shaking in 2nd cutting. 


The varieties included in thi.s lest were chosen as a p-sult of preliminary 
field observation and were expected to show as wide a range of shatter- 
ability as possible within the limits of the material available and without 
using varieties from wild species. The varieties Onward, Bambu, and 
Ardri are introductions from fop'ign sources. Len. 51-2 is a sister selection 
of Vanguard, and Banville is a selection of the Tartar King type. The 
other three varieties are grown commercially in Canada. 

The variance analysis, when applied to the 1941 data at Ottawa shows a 
significant difference in percentage shattering between varieties in each of 
the three treatments. The data also show that machine shaking can be 
used as a means of determining differences between varieties in shatter- 
ability. 
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Table 2.—Percentage of field shattering in eight oat varieties 
AT Indian Head, Sask., 1941 


Variety 

Percentage panicles 

Taken at 
maturity 

showing shattering 

Taken 5 days 
after maturity 
following heavy 

Wind 

Dasix 

10.6 

23.5 

Onward 

18.7 

7.1 

Vanguard 

20.7 

60.8 

Bambu 

21.3 

36.4 

Lasalle 

21.5 

33.3 

Len. 51-2 

25.1 

52.0 

Banville 

26.8 

34.6 

Ardri 

33.9 

44.4 


The data from the Indian Head lest in Table 2 were not taken on the 
basis of percentage of shattered spikelets, but rather on the number of 
panicles showing shattered spikelets. The Indian Head data are therefor 
not directly comparable with those from the Ottawa tests, but indicate in 
a general way that certain varieties are more resistant to shattering than 
others. 


Table 3.—Percentage of field and machine shattering in twelve oat varieties 

AT Ottawa in 1942 


Variety 

1st cutting 

2nd cutting 

3rd cutting 

Average for 

3 cuttings 

Field 1 

Machine 

Field 

Machine 

Field 

Machine 

Field 

Machine 

Ajax 

0.1 

0.7 

0.9 

3.7 

3.8 

16.5 

1.6 

6.9 

Dasix 

0.9 

1.1 

1.7 

11.4 

2.2 

13.3 

1.6 

8.6 

Erban 

0.2 

0.8 

0.7 

4.9 

5.6 

13.5 

2.1 

6.4 

Ripon 

0.7 

1.7 

0.9 

13.1 

4.9 

19.6 

2.1 

11.4 

Vanguard 

0.8 

3.3 

1.3 

14.7 

6.9 

29.4 

3.0 

15.8 

Victory 

1.4 

2.6 

1.1 

14.3 

7.3 

22.6 

3.2 

13.2 

Beaver 

1.8 

8.4 

2.9 

12.3 

7.1 

28.5 

3.9 

16.4 

Roxton 

0.1 

1.8 

0.4 

9.9 

12.4 

10.5 

4.3 

7.4 

Gopher 

0.1 

2.0 

1.2 

8.1 

12.1 

15.5 

4.4 

8.5 

Ardri 

0.8 

2.6 

1.6 

' 16.3 

17.5 

28.0 

6.6 

15.6 

Banville 

0.5 

6.3 

6.4 

30.8 

13.6 

40.9 

6.8 

26.0 

Mabel 

2.0 

4.1 

6.7 

16.8 

12.9 

38.7 

. j. 

7.5 

19.8 

Sig. difference 

1.4 

2.4 

2.7 

6.0 

i 

None 

7.2 




The data^n the 1942 Ottawa Test, as shown in Table 3, further 
indicate a dinerence between varieties in shatterability. In this test a 
wider range of varieties was used and with the exception of the data 
obtained from the field shattering in the 3rd cutting, the analysis of variance 
shows a significant difference between varieties. The 1942 data also show 
that machine shaking as a means of creating artificial shattering can be 
used satisfactorily in studying differences between varieties. 
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DISCUSSION 

The data presented in this paper appear to establish the fact that 
varieties of oats differ in shattering tendencies. Both in 1941 and 1942 
the variety Dasix has shown high resistance to shattering, while from the 
1942 data it would seem that Ajax could also be put into the resistant class. 
Among the varieties showing the tendency to shatter easily in both years 
are Banville and Ardri, while in 1942, Mabel also shows high susceptibility. 

There is no indication from the data presented that shattering in oats 
is associated with early maturity or panicle type, except in the case of true 
cluster type varieties, e.g. Banville. While there is a tendency for some of 
the commonly grown varieties to produce more upright panicle branches 
than others and thus give the appearance of semi-cluster panicles, the above 
data do not show that this characteristic is related to shattering. Ajax, 
for example, might be classed as having more of a cluster type panicle 
than Dasix, and yet these two varieties are in the same class as regards 
shattering tendencies. 

With regard to the relation of time of cutting to shattering tendency, 
it is obvious that the longer a mature crop stands in the field, the greater 
will it shatter both from handling and from adverse weather conditions. 
The 1942 data show that at the third cutting or 20 days after maturity, 
Ardri had shattered 17% under natural field conditions. In 1941, the 
same variety had shattered 61% at the second cutting or 10 days after 
maturity. 


ATTACHMENT OF SPIKELET 

According to the work of Priebs, referred to earlier in this paper, the 
basal attachment of the spikelet is an important character in determining 
the resistance or susceptibility to shattering in oats. In endeavouring to 
apply the findings of this author to the varieties that have been used in 
the data under discussion, critical studies were made by the junior author 
on the size and angle of the spjkelet base in the case of six varieties. The 
varieties Mabel and Banville were studied as representing extreme shat¬ 
tering susceptibility, Victory and Gopher were chosen as being somewhat 
intermediate and Ajax and Dasix as being partially resistant. 

In the case of varieties susceptible to shattering, the spikelet base 
approaches a 45° angle as indicated in the varielv Mabel (Figure 1). 
This sharp angle of attachment resembles that of wild oats. On the other 
hand with varieties that resist shattering, the angle of spikelet attachment 
is much less acute and in some cases approaches a right angle. The latter 
is illustrated in the variety Ajax (Figure 1). 

Other factors that appear to be associated with shattering are the actual 
area of basal attachment of the spikelet and the thickness of the scleren- 
chyma tissue surrounding the spikelet base. In the material studied, the 
amount of variation in size of base and thickness of sclerenchyma tissue 
was found to be considerable, but nevertheless, the indications w^ere that 
these two characteristics were definitely related to the ability of the 
spikelet to resist shattering under adverse weather conditions. More work 
needs to be done on this phase of the problem. 
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SUMMARY 

1. Varietal differences in resistance to shattering in oats have been 
established in the case of Canadian varieties. 

2. Machine shaking of panicles can be used to give an index of varietal 
resistance to shattering. 

3. The greater the angle of spikelet attachment to the peduncle, the 
greater the tendency to shatter. 

4. It is probable that the greater the total area of the spikelet base and 
the thicker the sclerenchyma tissue at the attachment point, the greater 
the resistance to shattering. 
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The wheat stem sawfly {Cephus cinctus Nort.) was first reared by 
Albert Kaebels in 1890 (1) from larvae mining in the stems of native grasses 
near Alameda, California. The adults were described the next year as 
Cephus occidentalis by Riley and Marlatt who made the suggestion that, 
‘The economic importance of this species arises from the fact that it may 
be expected at any time to abandon its natural food-plant in favour of the 
small grains, on which it can doubtless successfully develop.'' In 1895, 
Dr. Fletcher, then Dominion Entomologist, collected specimens at Indian 
Head, Saskatchewan, and reported that wheat stems containing Cephus 
larvae had been sent to him from Souris, Manitoba. Since that time the 
insect has spread from the southwestern corner of Manitoba, across Saskat¬ 
chewan and into Alberta. This spread appears to have been very gradual 
and has followed a definite northwesterly direction. 

The prophetic statement of Messrs. Riley and Marlatt has indeed 
come true not only as regards sections of the United vStates but also as 
regards our Canadian prairies. The present area of infestation in Canada 
has suffered severe losses to wheat during the last thirty years. 

The study of the wheat stem sawfly has indicated that reported crop 
losses are not always due to an unusual increase in numbers of the insect. 
With comparatively few of the insects present some fields of wheat may 
show a severe loss while the majority are free of infestation. On the other 
hand, an enormous outbreak over a widespread area may result in a small 
and unnoticed loss to every field of grain and a report of little or no damage 
may be issued for the season. 

In order to study the effect of weather on the wheat stem sawfly it is 
first necessary to make sure that reports of outbreaks actually denote an 
increase in the numbers of sawflies. Such reports are not plentiful and 
the data on which this paper is based include only such definite information. 

LIFE HISTORY 

The life history "of the wheat stem sawfly has been published many 
times and need only be briefly reviewed here. The adults begin to 
emerge about the middle of June and usually have all disappeared by the 
second week in July. 

Oviposition in suitable grass or grain stems is general during this time 
and the eggs hatolfcn about 8 days. The larvae spend the summer mining 
up and down the stems. When the plants begin to mature the larvae 
move to the lower end of the stems, girdle them from the inside about an 

1 Contribution No. 2341, Division of Entomology, Science Service. Department of Agriculture, Ottawa. 
Canada. Presented at the World’s Grain Exhibition and Conlerence, Regina, Saskatchewan, 1933. 

* Officer-in-charge. 
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inch above the soil surface and spin a silken cocoon about the full length 
of the remaining stub. The winter is spent in the cocoons below the 
surface. When the soil temperature rises in the spring, the larvae become 
active and move freely up and down the stubs. 

Pupation takes place in the cocoons during the latter part of May 
and early June. The pupal period lasts irom 10 to 21 days depending on 
the temperature and moisture content of the soil. A wet cold period may 
delay emergence several days while a period of high temperature may 
hasten it. 

HABITS AND REACTIONS 

'fhe emergence of adults coincides with certain events in the develop¬ 
ment of native grasses. When Agropyron smithii is beginning to head out, 
the first adult saw-flies appear. At this time the majority of the Agropyron 
stems are sufficiently developed so that some portion of the stem is hollow 
and suitable for oviposition. Within a few hours after emerging, the female 
sawflies seek out such stems and bet in laying eggs in the hollow portion. 

Adult activity usually takes place when the sun is shining and the 
temperature is above 63° F. Activity ceases instantly when the sun is 
obscured behind a cloud or when a heavy wind is blowing. Wffien not 
active the adults rest, usually head downwards, on the stems or leaves. 
Because of their position when at rest, a heavy rain will invariably force 
water under the wings and subsequent activity is delayed until they have 
dried the wings. A driving rain or hail undoubtedly destroys some of the 
adults and a prolonged wet period seems to heue some effect in reducing 
their numbers. 

The female makes a careful examination of a stem before ovipositing 
in it. If there is not sufficient hollow stem she moves to another until a 
suitable one is found. This results in the majority of eggs being laid in the 
strongest and best developed stems available. When the grass or grain 
development is poor and uneven these well developed stems will receive 
most of the eggs. In this connection Ainslee (1) has stated that in the 
spring of 1917 when weather conditions in North Dakota were such that 
the growth of grasses and grains was greatly hindered, odd stems of Bromus 
were found to be filled with eggs and stems of spring wheat that had barely 
begun to joint contained 3 or 4 eggs each. This has been found to be true 
many times in the investigations carried on in Manitoba and Alberta, such 
stems being the best available locations for oviposition. 

Most publications on the wheat stem sawfly refer to the fact that the 
adults are weak fliers and do not trowel any greater distance than is 
necessary in searching for suitable stems for oviposition. Since the flight 
activities are usually confined to the lover air levels and cease abruptly 
when any wind is present, the migration of the species is very slov^ Thus 
it is that in an infested area local infestation will increase rapidly in favour¬ 
able seasons while the spread to new areas is more liable to be a slow process 
and largely governed by the distance the adults must fly to find an abund¬ 
ance of stems suitable for oviposition. 

When the eggs begin to hatch, the initial f(x>d of the first larvae appears 
to be the other eggs in the same internode followed by the eggs and larvae 
in the rest of the stem. The dissection of the infested stems early in the 
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season usually reveals the presence of 1 larva and the remains of several 
eggs and even other larvae, indicating that but 1 egg per stem can be 
expected to develop to a mature insect. 

As the larvae develop they feed up and down the inside of the stems. 
This feeding destroys some of the food passages of the plant and at times a 
stem is so completely girdled that the head dies. When the plant is grow¬ 
ing very rapidly and developing a rank growth, this feeding liberates sap 
into the interior of the stem which is detrimental to the sawfly larva. If 
sufficient sap escapes the larva is apparently drowned, but with small 
amounts it may possibly be a factor in promoting bacterial or fungus disea¬ 
ses. The determination of the presence of disease is very difficult as the 
finding of a dead larva covered with fungus may only indicate a sapro¬ 
phytic growth on a drowned larva. 

EFFECT OF WEATHER ON THE DEVELOPMENT AND 
SURVIVAL OF THE SAWFLY 

There are apparently few periods in the life history of the sawfly where 
weather has a direct effect on the insect. Cold wet weather in May, 
undoubtedly retards pupation and emergence. Observations and labora¬ 
tory experiments have shown that some pupae are killed under such condi¬ 
tions. In contrast to this, many larvae and pupae were killed in exposed 
stubble by the excessively dry and hot May of 1928. These observations 
coupled with laboratory experiments indicate that normal pupation and 
emergence requires some moisture and a favourable temperature, but that 
freezing or a dry soil surface temperature of over 100° F. may be fatal to 
larvae and pupae in exposed stubble. 

When the adults have emerged their activities are confined to calm 
periods of bright sunshine with the temperature between 64° and 90° F. 
A cold, rainy June with considerable wind and cloudy weather reduces the 
adult activity and undoubtedly kills many of them. Sweepings made after 
a rain do not yield as many adult sawflies as did those made previously, 
even though apparently normal activity has been resumed at the time the 
sweepings are made. 

Criddle (4) suggests that dry weather may indirectly affect the develop¬ 
ment of the sawfly because it retards the development of the flowering 
stems. Severe drought conditions such as were experienced in southern 
Manitoba in 1914, caused a premature ripening of the wheat which killed a 
number of the larvae and seriously stunted many more. Later Criddle 
(3) reports that the sawfly increases in the drier areas of Manitoba in the 
drier years but it almost disappeared in the wet years. Tliese statements 
appear to be contradictory but a dry season which may be favourable for 
sawfly increase, may produce some crops which are a complete failure 
because of the poor cultural practices that are used. During the season 
of 1929 there was a striking example of this in the Drumheller district of 
Alberta. An ar^rof stubbled-in crop made an early start but was severely 
burned in July and headed out when 8 inches high. Adjoining it was a 
crop grown on land that was summer-fallowed the previous season. This 
crop suffered very little. The sawflies matured and cut the stems in both 
crops but those in the burned area were apparently smaller. .In addition, 
only 40.3% of the larvae cut the stems in the poor crop while 72.8% cut 
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the stems in the good crop. These figures indicate that the dry conditions 
as they affect the host plant are an important indirect factor in the develop¬ 
ment of sawfly larvae. 

A very wet season which produces a rapid and rank growth in wheat 
appears to be decidedly unfavourable for sawfly larval development. 
Many larvae are found in the stems apparently drowned in the sap. During 
the season of 1928 in the Drumheller section of Alberta the mortality from 
this cause varied from 30% to 50%. Stubbled-in crops which made a 
poorer growth than those grown on summer-fallowed land showed a 
generally lower percentage of drowned larvae but still within the limits as 
stated. This variation under the different methods of cropping is caused 
by the extra moisture supply which is available for the crop grown on 
summer-fallowed land and which is responsible for a ranker growth than 
would be found in the crops grown on stubble of the previous year. Thus 
the rank growth of a wet season producing plants with a greater sap flow 
may not only retard the development of the sawfly larvae but rtiay even 
destroy them. 

Criddle (4) states that, “The ideal conditions for development would 
be a moist spring, a dry, sunny June, and sufficient moisture during July 
to enable the full development of grasses or grains.’* In correspondence 
with Criddle regarding Manitoba conditions and King® concerning Saskat¬ 
chewan, they both agree that a wet July is decidedly detrimental to the 
development of sawfly larvae. This condition appears to hold in a number 
of cases and a wet July usually indicates a decreased infestation the next 
year. There are a few striking examples where the reverse is true and the 
question of July rainfall will therefore be more thoroughly discussed later. 

There are other factors which must be considered before an accurate 
statement can be made concerning the most favourable weather conditions 
for sawfly increase. Observations have shown that excessive drought con¬ 
ditions are as detrimental as excessive moisture. These terms are relative 
and in many cases will only apply to individual fields. For the most part 
only moisture recognized as precipitation has been considered. Future 
work must consider the soil moisture and the moisture storing capacity of 
the soil. 

The loss of moisture due to drainage and evaporation in a sandy soil 
such as that at Treesbank, Manitoba is greater than that of the soil of 
Saskatoon, Saskatchewan which contains more clay. On the other hand, 
the heavy “gumbo” (clay-loam) soil of the Drumheller district in Alberta 
absorbs moisture readily and permits of very little loss by drainage or 
evaporation. Thus any statement concerning rainfall and plant develop¬ 
ment must consider the type of soil, rhis accounts for a particular season 
causing a crop failure in one area when a duplicate of that seavson might 
produce a good crop in a district with a different type of soil. The reaction 
of wind and temperature on the different soils must be considered as these 
affect the moisture content and the host plant development. Some soils 
will bake with a solid surface crust when a period of heavy rainfall is 
followed by high temperature, and this crust practically prevents surface 

« K. M. King, OfiScer-in-charge, Dominion Entomological I.aboratory, Saskatoon, Sask. 
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evaporation either with high temperature or heavy winds. Other soils 
form a loose crust which retards evaporation but Is readily broken up by 
wind and the moist soil below is exposed. 

There is one point where weather is an indirect factor in controlling 
the actual decrease or increase of the sawfly. This concerns the develop¬ 
ment of grasses and grains in the spring. Field studies correlating the 
emergence of adult sawflies with grass development have shown that when 
the first heads appear on native Agropyron the sawflies begin to emerge. 
The height of emergence and the maximum oviposition coincides with the 
heading out of 25% of the Agropyron flowering stems. Ainslee (1) states 
that the females never choose stems for oviposition that have put forth a 
head. This certainly is not true in Alberta as these stems appear to be 
much preferred, apparently because of the extent of the hollow stem that is 
present. If there are only a few such stems, they will receive the bulk of 
the eggs laid. It is rather interesting to note that these stems may receive 
eggs late in the oviposition period even though a well developed larva is 
present in each one. The result of such a condition is that many of the 
eggs laid are destroyed by the sawfly larvae. During the season of 1927 
when seeded grain was slow in developing, a large number of stems were 
dissected at the end of the second week of the oviposition period. Not all 
the stems contained eggs, but those that did averaged 7 eggs per stem. 
This meant that the uneven development of the host plant had been respon¬ 
sible for the destruction of 6 out of 7 potential larvae by cannibalism due to 
egg concentration in available host plants. Had the grass and grain 
developed evenly the eggs would have been distributed among a larger 
number of stems and the resulting destruction of eggs would have been 
relatively less. 

WEATHER CONDITIONS FAVOURABLE FOR SAWFLY INCREASE 

The ideal conditions for sawfly increase can be summed up from 
laboratory and field investigations as follows: 

(1) A fairly wet fall to provide a moisture reserve for the starting of 
grass and grain in the spring. 

(2) Either a mild winter or one with sufficient snow to protect the 
larvae and host plants from too severe conditions and enable them to make 
a strong growth in the spring. 

(3) A warm moist May without temperature extremes, which will 
develop an even stand of host plants and allow maximum emergence. 

(4) A sunny June with sufficient rainfall to produce rapid plant growth 
and not enough to unduly restrict adult activity. 

(5) A July with sufficient moisture and high enough temperature to 
produce a steady plant growth without the plant becoming rank—to insure 
even and mdfcimum larval development and no larval destruction through 
sap drowning. 

These conditions are somewhat vague as they do not include definite 
values. To reduce these factors to a workable basis it is necessary first to 
determine what shall constitute a definite year of weather influence. The 
weather apparently affects the sawfly more through its influence on the 
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host plants than in a direct way. In general the agronomists consider a 
crop year over the prairie region as starting with the first of August. This 
is based on the fact that moisture received after that date is of more value 
to the crop of the next season than it is to the crop about to be harvested. 
Starting the year at August also brings all the factors which directly affect 
the sawfly into the same year with the conditions which indirectly affect it. 

Having accepted this basis, the weather records for the Canadian 
prairies were studied in connection with known increases of sawfly popula¬ 
tion irrespective of the amount of actual damage done. Only authentic 
records of known increase have been considered, and while these are not 
plentiful the results should be more accurate than if uncertain data were 
used. For the purpose of this paper a ‘^season” of sawfly increase is a 
particular year at a particular point. The fact that a marked sawfly 
increase occurred in the same year ac two different points does not mean 
that it is the same climatic ‘‘season'* since the amount of rainfall, the mean 
temperature and soil conditions vary to such an extent that the actual 
conditions may be as totally different as if they occurred in two different 
years. 

Ten seasons of marked sawfly increase were chosen from reports of 
localities scattered throughout the infested areas as follows: 

Treesbank, Manitoba, 1907, 1914, 1918, 1921 and 1922. 

Saskatoon, Saskatchewan, 1923. 

Swift Current, Savskatchewan, 1926. 

Three Hills, Alberta, 1926. 

Hanna, Alberta, 1926. 

Medicine Hat, Alberta, 1927. 

There are other years at thcvse and other points where increase in saw- 
flies is known to have occurred but these ten represent ideal outbreaks. 
The results and conclusions presuppose that the year ending July 31 which 
preceded each of these outbreaks approached optimum conditions for the 
sawfly. The precipitation and temperature records for these preceding 
years were tabulated as shown in Table 1. 

Each of these ten years it is presumed contains the essential factors 
favourable for the development of the sawfly in that locality and the 
average of these ten years should represent an index of optimum conditions. 
A study of this average in correlation with the ideal conditions for sawfly 
increase, as previously enumerated, shows the fall seavson to be fairly wet 
followed by a cold winter with an even snow distribution and a gradual 
approach of spring. May has sufficient moisture, with the help of the fall 
reserve, to produce an even growth of host plants and the temperature is 
high enough to hasten this growth. June does not carry excessive moisture 
and has a high temperature which indicates considerable sunshine to 
promote adult activity while July is somewhat drier and hot enough to 
bring the host plants to seasonable maturity. 

If the individual years are compared with the average and with each 
other there seems to be a wide range of dissimilarity. This is evidenced 
in a month to month examination as well as in the total amount of rainfall 
for the year. Much of this can probably be fully explained after a study 
of the soil types and their ability to retain moisture has been made. It is 
rather interesting to note that the two locations which have a sandy soil, 
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i.e. Treesbank and Hanna, also had the highest yearly precipitation preced¬ 
ing outbreaks, while that of the areas of heavier soil was much lower. In 
seven of the ten seasons the July rainfall was less than that of June, but at 
Hanna and Medicine Hat it was so much higher than June that some 
explanation appears necessary. 

The fall moisture was evidently sufficient to create an excellent reserve 
in the soil since there were over 6 inches C‘f rain before the first of November 
at Hanna and over 5 at Medicine Hat. The coldest part of the winter was 
accompanied by fairly heavy snow at Hanna while Medicine Hat had a 
milder winter. The host plants at both places made a good start in May 
on the reserve moisture of the fall combined with that of April. June was 
apparently ideal from the standpoint of adult activity and the heavier 
precipitation of July was necessary to produce strong plant growth and 
prevent drought conditions resulting from the smaller amount of May and 
June precipitation. This indicates that the accumulated moisture in the 
soil during the three months’ growing period was only sufficient to produce 
a normal and healthy plant growth and that the apparently excessive 
moisture of July was not actually sufficient to produce the rank stem so 
detrimental to sawfly larvae as would have been the case had May and 
June been wetter. Thus the precipitation and temperature of any one 
month cannot be considered as directly or indirectly influencing sawfly 
increase while conditions prevailing in the previous months are disregarded. 

WEATHER CONDITIONS UNFAVOURABLE FOR SAWFLY INCREASE 

There are apparently two sets of conditions which are unfavourable 
for sawfly development. One of these is a “wet year” and the other is 
extreme drought conditions. These conditions not only affect the yearly 
fluctuations throughout the present area of infestation but are apparently 
limiting climatic factors in the spread of the insect into new territory. 
Since a “wet year“ is the most common controlling factor it will be dis¬ 
cussed first. 

Ten seasons showing a marked decrease in sawfly abundance were 
taken from reports of the same localities as used in the discussion on sawfly 
increase. These seasons were picked following a heavy outbreak as near 
as possible and are as follows: 

Treesbank, Manitoba, 1923, 1924, 1925. 

Saskatoon, Saskatchewan, 1924. 

Swift Current, Saskatchewan, 1927, 1928. 

Three Hills, Alberta, 19^7, 1928. 

Hanna, Alberta, 1927. 

Medicine Hat, Alberta, 1928. 

The temperature and precipitation records of these seasons are showm 
in Table 2. 

As the records of years preceding increase contained certain conditions 
favourable to the sawfly development, so each of these years and the average 
should contain conditions which are unfavourable. The average of these 
ten years shows less moisture in the fall and winter, which means a shortage 
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of reserve moisture for promoting spring growth, with a higher winter 
temperature indicating frequent thaws and freezes. Periods of warm 
weather in the winter followed by severe cold are apt to start plant activity 
and seriously injure the plants with the freezing that follows. This would 
tend to cause a more uneven development of host plants early in the season 
with a subsequent concentration of eggs in fewer stems. Such a concentra¬ 
tion means a reduction in the ratio between eggs laid and larvae maturing. 
May and June are both fairly wet with slightly lower temperatures which 
would cause a reduction in the number of pupae emerging as well as the 
activity and number of adults surviving. July has excessive moisture 
following that of the two previous months and insures a rank and succulent 
stem in which larvae are apt to be drowned. The average yearly precipita¬ 
tion is higher in the unfavourable years and most of this increase occurs in 
the three critical months of May, June and July. 

A study of the individual years shows that in most cases the fall is 
drier than it is in favourable years. Those years in which May rainfall 
and temperature are favourable for pupal development, contain either a 
very wet April or a very wet June and in all of them July is wetter than the 
average favourable conditions. While one or two of the critical summer 
months may be favourable or approach the favourable conditions for sawfly 
development and increase, the combined conditions are distinctly adverse. 

The data on dry conditions producing a decrease in sawfly population 
the next season is very meagre. There are districts within the main area 
of infestation where the sawfly is seldom seen and then only in years of 
more than average precipitation. This fact has led to the supposition 
that some climatic factor is largely responsible for this condition since no 
other tangible barrier exists to block these areas out from the surrounding 
infestation. In order to arrive at a conclusion regarding the effect of a 
dry year on the development of the sawfly the average climate of six places 
where saw^fly is generally present but rarely increases were studied. These 
are the averages shown in Table 3. 


Table 3.—The average climates of six locations within the area of sawfly 

INFESTATION WHERE OUTBREAKS ONLY OCCUR FOLLOWING WET YEARS 


Place 

Alberta 

Saskatcliewan 

Average 

Bow Island 

j Brooks 

1 Empress 

Grassy Lake 

Prospy 

t*. oven lock 

Temp. 

Pptn. 

Temp. 

Pptn. 

Temp. 

IPptn. 

Temp. 

Pptn. 

Temp. 

Ptpn. 

Temp. 

I Pptn. 

Temp. 

Pptn. 

Aug. 

64 

1.23 

61 

1./7 

66 

1 2.10 

64 

1.77 

61 

.98 

64 

1.15 

63 

1.4S 

Sept. 

55 

1.22 

51 

.80 

52 

1 .65 

55 

1.13 

51 

.78 

54 

1.08 

53 

.94 

Oct. 

46 

.44 

40 

.78 

46 

40 

46 

.60 

42 

.67 

42 

.46 

1 44 

.56 

Nov. 

30 

.73 

23 

.41 

30 

..?0 

30 

.35 

25 

.87 

30 

.21 

28 

.48 

Dec. 

21 

.63 

17 

.76 

14 

.75 

21 

.56 


.86 

9 

.61 

17 

.69 

Jan. 

12 

.72 

7 

.41 

7 

.55 

13 

.54 

0 

1.18 

1 

.84 

8 

.66 

Feb. 

16 

.82 

9 

.51 

6 

.36 

17 

.33 

12 

.89 

11 

.28 

12 

.53 

Mar. 

27 

.60 

23 

.58 

19 

1.07 

27 

.40 

14 

1.31 

23 

.45 

22 

.73 

April 

43 

.93 

42 

.89 

43 

1.37 

43 

.75 

40 

1.56 

40 

.85 

42 

1.06 

May 

S3 

.71 

51 

1.23 

52 

1.33 

54 

1.26 

49 

1 . 60 

52 

.96 

52 

1.18 

June 

61 

2.36 

58 

1.47 

62 

2.50 

61 

1.60 

58 

1.74 

61 

1.68 

60 

1.90 

July 

66 

1.22 

63 

1.46 

62 

1.28 

66 

1.22 

62 

1.67 

70 

1.46 

65 

1.38 

Total pptn. 


11.63 


11.07 


12.66 


10.01 


14.02 


10.03 


11.69 
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The average weather of each of these localities shows a small reserve 
fall moisture which is barely sufficient to start plant growth in the spring. 
May conditions are favourable for pupation and emergence, though the 
uneven plant development would cause a greater concentration of eggs in 
suitable host plant stems than occurs in the wet years. June is generally 
favourable for sawfly activity but the weather conditions of July would 
produce a drought condition which would be decidedly detrimental to 
normal development of the larvae. 


SUMMARY OF WEATHER CONDITIONS 

Comparing the general averages of the three sets of weather conditions 
as shown in Tables 1, 2 and 3, the dormant period of the sawfly from 
November 1 to April 30 is almost identical in each. The following is the 
total precipitation and the mean temperature for each set of conditions: 


Dry 

Total Temp, 

precipitation 

4.15 in. 21.5®F. 


Favourable 

Total Temp, 
precipitation 

4.79 in. 17.5® F. 


Wet 

Total Temp, 
precipitation 

5.10in. 21.7®F. 


As there is only a difference of 4.2° F. in mean temperature and . 95 
inches of precipitation between the highest and lowest records, the average 
dormant period can hardly be considered as containing important factors 
governing changes in population. 

A comparison of individual months during this period shows a wide 
variation of conditions from the average for each series of years but the 
monthly averages for the three conditions are very similar. 

The remaining six months of the year are separated into two groups 
of three months each by the six months’ period of dormancy. The fall 
group consists of August, September and October a period when the larvae 
are in the stubble and approaching a dormant state. The summer group 
consists of May, June and July, a period where pupation and emergence, 
adult activity, and the greatest larval activity and development occur. 

The average precipitation and mean temperature for each of the fall 
months as shown in Tables 1, 2 and 3 is as follows: 


Dry Favourable Wet 



Total 

Temp. Total 

Temp. Total 

Temp. 


precipitation 

precipitation 

precipitation 


Aug. 

1.48 

63 1.84 

63 1.99 ' 

65 

Sept. 

.94 

53 2.25 

54 2.20 

51 

Oct. 

.56 

44 1.31 

41 .53 

39 


August is sunilar in both precipitation and temperature for each set 
of conditions. *ptember is similar in the favourable seasons and the wet 
unfavourable seasons, while in the dry unfavourable climate it is much 
drier. October of the two unfavourable seasons has almost an inch less 
moisture than the favourable seasons. It would appear that the October 
moisture is an important factor and yet an examination of Tables 1, 2 and 3 
shows that for individual seasons the same October conditions can be found 
in each. The same is true of the months of August and September. 
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The monthly average precipitation and mean temperature for each of 
the summer months as shown in Tables 1, 2 and 3 is as follows: 


Dry Favourat)le Wet 



Total 

precipitation 

Temp. Total 

precipitation 

'I'emp. 

Total 

precipitation 

Temp. 

May 

1.18 

52 1.36 

53 

2.55 

50 

June 

1.90 

60 2.14 

62 

2.75 

60 

July 

1.38 

65 1.86 

66 

3.92 

64 


A study of these figures shows that these months in the wet year which 
is unfavourable for sawfly increase have higher precipitation and slightly 
lower temperatures than the favourable year, the most outstanding feature 
being the very heavy July precipitation. The dry climate which is un¬ 
favourable for sawfly increase has less precipitation per month than the 
favourable year. ‘ Here again the averages indicate a possible weather 
correlation wath saw-fly fluctuation w'hich does not occur in the individual 
years. For instance, July, 1925, at Hanna, Alberta (see Table 1) had 
3.63 inches of precipitation and yet was followed by a heavy sawfly out¬ 
break the next season. An examination of these tables will show' years 
which have monthly precipitation records for each of the months equal to 
the averages for the different conditions. 

It is apparently impossible to correlate any weather conditions of a 
single month wdth sawfly fluctuation. It is equally impossible to find a 
definite correlation betw'een total yearly precipitation and saw'fly fluctuation 
since there are years favourable for increase w hich have a greater total 
precipitation than some years which have been classed as wet that preceded 
a marked decrease. 

A careful study of host plant development as well as sawfly activity 
and development indicates that cumulative moisture is a more important 
factor than monthly precipitation. The total precipitation for August, 
September, and October without high evaporating temperatures or low 
freezing temperatures, constitutes a reserve moisture of importance to 
spring growth. \\ ith the freezing of the ground in November, winter 
precipitation is inclined to run off instead of materially increasing the 
reserve. A good fall reserve means that less precipitation is needed in the 
spring and summer to produce a satisfactory plant grow'th for sawfly 
development, but a low fall reserve requires a heavy precipitation through¬ 
out the growling period. Such a condition produces uneven growth and 
usually a very rank growth. A year such as that showm m Table 1, at 
Hanna, Alberta, 1925, with a good fall reserve of moisture did not require 
a heavy summer precipitation until July. Coming at this time, after a 
dry May and June, it w^as not excessive. 

To get the effect of cumulative moisture and find a correlation 
between weather and sawfly fluctuations, the year has been divided into 
four periods of three months each, starting with the first of August. The 
total precipitation and mean temperature for each period can be used as 
an index of cumulative moisture but until actual soil studies are made 
this will not be accurate. The average from Tables 1, 2 and 3 show the 
following indexes of cumulative moisture. 
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Dry Favourable Wet 

Precipitation Temp. Precipitation Temp, Precipitation Temp, 


Aug.-Oct. 

3.08 

59 

5.36 

52 

4.71 

52 

Nov.-Jan. 

1.83 

18 

2.31 

12 

2.18 

14 

Feb.-April 

2.52 

25 

2.71 

23 

2.92 

26 

May-July 

4.46 

59 

5.38 

58 

9.31 

56 


The areas of light infestation which are listed under Table 3 represent¬ 
ing weather conditions too dry for sawfly increase are not as satisfactory 
as they would be if actual dry seasons preceding decrease would be used. 
Unfortunately data for drought conditions throughout the infested area 
are not available. The areas used have a light soil which would not hold 
moisture as well as the heavier soils so that a 3.08 inch fall reserve with a 
mean temperature for the three months of 59° F. would not leave a great 
reserve for starting spring growth. The summer precipitation of 4.46 
inches with a mean temperature of 59° F. would be sufficient to produce a 
light crop of irregular development. 

The column representing the wet season unfavourable for sawfly 
increase covers all types of soils, and in studying individual years at definite 
locations the soil type would have to be taken into consideration. The 
fall moisture of 4.71 inches represents a good reserve and the mean tem¬ 
perature of 52° F. could hardly be considered as causing an excessive 
evaporation. The summer precipitation of 9.31 inches is certain to 
produce an excessively rank growth, especially with a mean temperature of 
56° F. which probably indicates hot wet weather in July. Even though 
July be inclined to dry conditions the high temperature with the excessive 
cumulative moisture would cause a rank plant development. 

The conditions favourable for sawfly increase shown by these figures 
indicates a good fall reserve with medium precipitation and high tempera¬ 
ture the following summer. The lower precipitation and higher tempera¬ 
ture usually confined to July makes a strong stemmed host plant ready to 
mature early in August when the larvae are full grown, but not rank enough 
to drown the larvae inside the stem. 

The averages as shown by the figures agree better with individual 
years as shown in Tables 1, 2 and 3 than do the straight monthly figures. 
The results can be plotted as ‘‘three months* cumulative** hythergraphs. 

Figure 1, is a^graphic representation of the cumulative index taken 
from the averages of Table 1. As this represents the average of ten years 
preceding marked sawfly increase throughout the infested area it is used 
as a general index of optimum conditions for the sawfly. 

Figure 2, is a graphic representation of the cumulative index taken 
from the aversld^ of Table 2. The years upon which this is based all 
preceded a marked decrease of the insect. The main differences between 
the two graphs are the precipitation for the August-October and May-July 
periods. 

Figure 3, is made from the averages of Table 3 and represents the 
general cumulative index of the average climate of the six points studied. 
While this does not actually represent years which preceded sawfly decrease 



March, 1945] 


SEAMANS—CLIMATOLOGY OF WHEAT STEM SAWFLY 


445 










446 


SaENTlFIC AGRICULTURE 


[Vol. 25 











March, 1945] 


SEAMANS—CLIMATOLOGY OF WHEAT STEM SAWFLY 


447 







448 


SCIENTIFIC AGRICULTURE 


[Vol. 25 


because of drought conditions, it does represent conditions under which 
the sawfly has seldom been troublesome enough to attract attention even 
though it has been present for several years. 

Since these hythergraphs represent average conditions, the weather of 
any one year can be plotted in the same manner and the result compared 
for a correlation with sawfly fluctuations. 

Figure 4, shows a three months’ cumulative hythergraph which is the 
average of five years preceding serious outbreaks at Treesbank, Manitoba. 
Figure 5, is the average of five years preceding decrease in populations at 
the same place. Figures 1 and 2, are shown in fine lines for comparison. 

Figure 6, is the three months* cumulative hythergraph for the single 
year ending July 3, 1925 at Hanna, Alberta, compared with the ’^optimum 
index.” While both the fall and summer periods have a slightly lower 
temperature and higher precipitation than the optimum index it is close 
enough to indicate the increase of sawfly. 

Figure 7, is the graphic representation of the following year at Hanna, 
Alberta (ending July 31, 1926). This hythergraph is compared with 
Figure 2 in fine lines and here again there is a marked similarity. The dry 
fall period of 1925 probably was as big a factor in reducing numbers as the 
excessive moisture of the summer perkxl of 1926. It is interesting to note 
that the total yearly precipitation represented by Figure 6 is 3.32 inches 
greater than that of Figure 7 but the seasonal distribution determines the 
difference between two years in regard to sawfly fluctuation. 

K. M. King of the Dominion Entomological Laboratory at Saskatoon 
has made some very careful studies in regard to sawfly fluctuations in 
connection with his soil rotation studies. He has very kindly furnished 
some of his data. This has been correlated with the moisture and tempera¬ 
ture studies for this paper. King states that in the season of 1923 sawfly 
was very abundant in the vicinity of Saskatoon but the excessive moisture 
of that season caused a very high mortality with a corresponding decrease 
in infestation in 1924. Another factor app)eared in 1924 which would not 
show in the hythergraphs. This was a severe frost in May after larval 
activity had been resumed. King records a mortality of 15 to 20% at 
this time. The season of 1924 was dry and crops amounted to practically 
nothing. This drought condition should have caused a reduction in 
numbers in 1925. The next season, 1926 was one of the worst on record 
in Saskatchewan for sawfly infestation and King stated that a great majority 
of the larvae appafently entered the winter of 1926 in good condition for the 
season of 1927. 

Figures 8 to 12 show the weather conditions during the period from the 
end of July 1922 to the end of July 1926, which covers the sawfly fluctuation 
for the seasonsof 1923-27. The year ending July 31, 1922 (Figure 8) was 
fairly dry but^ith sufficient fall and summer moisture to produce a fair 
crop with little effect on the sawfly, even though it approaches the dry 
conditions as represented by Figure 3. This would produce the numbers 
present in the season of 1923. The year ending July 31, 1923 (Figure 9) 
follows closely the hythergraph of a year preceding decrease (Figure 2) 
except for the abnormally high summer precipitation. This could cut the 
population to a minimum in 1924 even if the heavy frost of late May in 
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1924 had not occurred. The year ending July 31, 1924 (Figure 10) was 
very dry though crops would get a fair start from the excess moisture of 
1923. The very dry May-July period of 1924 produced drought conditions 
which were certainly not favourable for an increase in sawfly abundance. 
Thus the season of 1925 would not show any increase in population over 
1924 but the year ending July 31, 1925 (Figure 11) was favourable for a 
marked increase in 1926. The fall precipitation with its attendant favour¬ 
able temperatures was conducive to a good reserve supply of moisture and 
though the period of November-January was cold, the heavy snow gave 
ample protection if it was needed. The May-July precipitation and 
temperature were favourable though there was more moisture than the 
optimum index. Since this followed a very dry year this extra precipitation 
may have been necessary to promote favourable growth. The general 
conditions were nearer the optimum index than they were to the unfavour¬ 
able and would be expected to produce a marked increase in sawfly popula¬ 
tion. The year ending July 31, 1926 (h'igure 12) was favourable for 
increase from the standpoint of precipitation. The lower temperature 
may have affected the development of the sawfly but this is not very prob¬ 
able since the mean for the summer months is only two degrees below 
the optimum index. 

CLIMATE AND THE DISTRIBUTION OF THE WHEAT STEM SAWFLY 

The sawfly has apparently spread very gradually across the Canadian 
prairies. The map (Figure 13) shows the present area of economic distri¬ 
bution as well as that part of it where the insect is of greatest economic 
importance. In this latter area the sawfly is alwa\'s present and outbreaks 
are frequent. Outside of this but within the area of economic distribution 
losses have occurred but outbreaks are seldom as frequent or severe. 

There are localities within both areas where the insect is known to be 
very scarce, and a thorough survey would undoubtedly show more of these. 
As these localities are surrounded by constant infestation it seems probable 
that the local climate may be a factor preventing the sawfly becoming well 
established. A considerable area northwest and west of Medicine Hat, 
Alberta, extending from Youngstown through Brooks (represented by 
double line on the map) has had little or no trouble. The insect is present 
in that portion of the area north of the ri\er and on rare occasions has 
caused small losses. A study of the precipitation ma[> of the Dominion 
Meteorological Service shows the precipitation of this area to be between 
11 and 13 inches annually. The general area of infestation follows roughly 
the districts having between 13 and 17 inches of precipitation in the heavier 
soil area and 15 to 19 inches were the soil is sandy. This particular dr>^ 
area is a light soil district and wiih the aitendant low precipitation it may 
act as a barrier to the southwestern advance of the sawfly. Except for one 
or two places the insect has not crossed the Bow River in Alberta. In one 
locality south of Gleichen the sawfly occurs for six or seven miles south of 
the river. This is an area of medium light soil wiih an average yearly 
precipitation of 15 or more inches. After the Bow River joins the South 
Saskatchewan the insect has crossed in the vicinity of Medicine Hat and 
traces have been found to the Montana border as indicated by the dotted 
area on the map. Essentially a dry section of Alberta this particular strip 
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is affected by the Cypress Hills and the precipitation here is about 15 
inches. There is no doubt that rivers the size of the Bow and South 
Saskatchewan would act as partial barriers to such a weak-flying insect as 
the wheat stem sawfly, but its westward migration from the present south¬ 
eastern infestation in Alberta is apparently much slower because of the 
dry strip represented by the double line. The eastern migration from this 
same light infestation may be partially stopped by the excessive precipita¬ 
tion of the Cypress Hills and the dry area south of them at Govenlock, 
Saskatchewan. 

In order to find a correlation between the weather conditions affecting 
yearly fluctuations and the climate affecting distribution of the sawfly, 
hythergraphs were made for comparison. The fifteen locations within the 
area of heaviest infestation which had the longest series of weather records 
were selected. These r(‘cords were a\eraged and i)lotted as a three months’ 
cumulative hythergraph. Figure 14 shows the result compared with the 
optimum index as shown in F'igure 1. The perir)d of May-July has slightly 
over 1 inch more precipitation than the optimum index while the fall period 
has 1 inch less. A year such as is represented in Figure 14 when occurring 
in a heavy soil area might be too wet for an appreciable increase though 
occurring in a light soil area it might be khxil. It comes well within the 
limits of three months’ precipitation and temperature as shown in the 
figures in Table 1 of individual years preceding sawfly increase. Years 
slightly on the dry side of this average would be so near the optimum index 
that an outbreak would be expected w hile a wet year would easily throw 
this hythergraph into the form of that in Figure 2 which would reduce an 
outbreak condition. 

The limits of the present area where the insect occurs in economic 
numbers on the Canadian prairies are show n on the map. Thirteen points 
which have weather records covering several years were chosen as close to 
this line as possible. The average records were plotted to make the 
hythergraph as show^n in Figure 15. Points within the dry area of south¬ 
eastern Alberta w'ere purposely omitted from this average because they 
represent a particular condition not comparable with the area north and 
w’est of the present distribution. The hythergraph as showm in Figure 15 
represents the average conditions within 00 miles of the present limit of 
infestation from Claresholm, Alberta, north, east and s >uth to Emerson, 
Manitoba. The average climate of this surrounding area corresponds 
closely to the average conditions of the years which, within the area of 
heaviest infestation, precede a decreavse in sawfly population as shown in 
Figure 2 (indicated on Figure lo) The fall precipitation and temperature 
compare very closely. The conditions for the period of May-July show a 
little more than 1 inch less precipitation but well over the lower limit of 
summer precipitation in individual years as shown in Table 2. It w^ould 
require a series of years wath unusually dry summers to bring the saw’fly 
population up to economic numbers beyond the present area of infestation. 
On the other hand a series of years with summer precipitation above the 
average would force the present borders of the infested area back towards 
the area of greater infestation. 
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The average climate of localities within the area of greatest infestation 
may be unfavourable to sawfly increase and still not be such as to cause a 
serious reduction in numbers. The result would be a constant infestation 
subject to an increase of economic importance following a single favourable 
year. The average climate of Treesbank, Manitoba, as illustrated by 
Figure 16, is within the lower limits of conditions favourable to the decrease 
of sawfly population. In this sandy area the May-July precipitation is 
sufficient to produce a rank growth of the host plants, but the high mean 
temperature for the period would tend to minimize the cumulative effect 
of the precipitation. The result would be that in an average year the saw- 
fly population for that district would fluctuate very little. 

The average climate of Three Hills, as shown in Figure 17, while 
approaching the optimum index would have a tendency tt) cause a decrease 
in population because the heavy soil and lower mean temperature would 
increase the cumulative moisture. The small total fall precipitation is not 
favourable so that the average year in this locality would be more inclined 
to show a decri4lb in sawfly population than the average year at Treesbank. 

The dry portion of southeastern Alberta presents an entirely different 
problem. The average climate of six points in this area has already been 
shown in Figure 3. While the sawfly actually occurs in this district north 
of the river it has never been of real economic importance. In the southern 
part of the area indicated by the double line on the map (Figure 13) the 
insect has not yet been found. It is possible that a few wet years may 
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produce conditions whereby the sawfly can gain a foothold here and push 
the spread westward in the south. The evidence as shown by the fluctua¬ 
tions at Brooks indicates that increase will be very slow and then only after 
a series of three or four very fav'ourable years. 

There is no reason w^hy the sawfly should not spread somew^hat farther 
into the southw^est in Alberta and eventually" be found in most of the area 
along the border from Coutts, Alberta to Emerson, Manitoba. The 
northern limit in Manitoba and Saskatchewan has almost been reached 
although small isolated localities may be found where the climate w"Ould 
favourable for outbreaks. The w^estern limit has almost been reached in 
Alberta north of Calgary. South of Calgary the sawfly should eventually 
reach the Lethbridge, Macleod and Claresholm area although it does not 
occur there now^ This prediction is based on the average hy’therg^aph of 
Lethbridge (Figure 18) which is fairly typical of this section of the province. 
The average year approaches the general average of unfavourable condi- 
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tions although the insect should be able to exist. A season of just 
moderately dry conditions during the May-July period would closely 
approximate the optimum index or at least reach the maximum moisture 
conditions of individual years as shown in Table 1. The May-July mean 
temperature is identical with the optimum index. 

The large wheat growing section in the Peace River district of Alberta 
should remain free of economic injury from Western wheat stem sawfly for 
many years, in spite of the fact that traces of the insect have been found 
there in native grass. The average climate of that area is not favourable 
for increase and there is a vast area between there and the present limits of 
economic infestation which is very unfavourable. Any migration from the 
present area of infestation through the two or three hundred miles of 
unfavourable territory would be very slow if not impossible. 

FORECASTING OUTBREAKS OF THE WHEAT STEM SAWFLY 

The study of the climatology of the wheat stem sawfly introduces the 
possibility of forecasting outbreaks of the insect. Before this can be done, 
many factors and conditions must be considered. An increase in numbers 
does not necessarily mean increased damage. The former is apparently 
greatly dependent on the conditions of the previous year while the latter is 
a direct result of the conditions of the particular season. The infestation 
in the vicinity of Three Hills, Alberta, was very heavy in the spring of 1926. 
There was some loss throughout the entire area and in a few cases fields 
were completely cut by the insect. The next season the numbers were 
considerably reduced and the infestation though general was fairly light. 
A period of two weeks’ wet weather in the fall prevented the farmers from 
cutting their grain on time, with the result that every stem containing a 
healthy sawfly larva was cut before the grain could be harvested. The cut 
stems were beaten to the ground by the rain and were a total loss. The 
general loss in the season of 1927 was greater than the previous year even 
though the sawfly population was considerably less. 

The types of soil and their moisture storing capacities must be studied 
before accurate forecasting can be made. The light soils may receive a 
heavy precipitation which will drain through and have only a slight effect 
on the insect or host plants. Some heavy soils clog with a slight amount 
of rain and the subsequent precipitation runs off. The soil of the Three 
Hills area is filled with cracks of varying widths running several feet into 
the ground. Even though the surface soil is saturated with water there is 
seldom any run-off as the water works into the cracks hnd builds up a 
subsoil reserve, not affected by high temperatures. 

The detailed study of the meteorological records of years preceding 
outbreaks show^that the precipitation for the period of August-October 
varies from 3.47 ^nches in the heavy soil area to 6.93 in the sandy area. 
The lowest mean temperature, 50® F., occurred with the lowest fall precipi¬ 
tation which would tend to increase the cumulative moisture. The highest 
mean temperature for this period was 58® F. and accompanied the highest 
precipitation; in the light sand soil this would reduce the cumulative 
moisture and bring it hearer the average. 
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The May-July precipitation varied from 3.28 inches to 6.74 inches. 
Both extremes occurred in the sandy soil area with only average mean 
temperature. The mean temperature varied from 57° to 64° F. The high 
precipitation followed a fairly dry warm fall and the majority of the spring 
precipitation occurred in May. This would tend to increase the reserve 
moisture without seriously handicapping the sawfly development. The low 
spring precipitation was assisted by a wet fall and heavy winter snow¬ 
fall so that the cumulative effect would approach the average. 

The records preceding decrease in sawfly population have a fall precipi¬ 
tation varying from 2.08 inches to 8.44 inches and a mean temperature 
variation from 46° F. to 57° F. The heavy fall precipitation was followed 
by over 8 inches of summer rainfall which would produce very unfavourable 
conditions for the sawfly. The lightest fall precipitation which would 
result in uneven host plant development was followed by over 12 inches of 
early summer rainfall. 

The May-July precipitation for years preceding sawfly decrease varied 
from 7.23 inches to 12.13 inches and the mean temperature for the period 
varied from 54° to 63° F. The lowest precipitation was accompanied by a 
very wet cool April, a dry cold May and a warm wet July. While April has 
not been considered as having very much influence, in this case the precipi¬ 
tation was over 5 inches. This, when followed by a cool May, would have 
the same cumulative effect as increasing the May precipitation. 

A true forecast of sawfly increase or decrease for the Canadian prairies 
should be based on precipitation, temperature and soil moisture. With the 
limited data available, the soil moisture factor is eliminated for the present 
and the forecast is based on precipitation and temperature with considera¬ 
tion for the soil types. 

In heavy soil areas the sawfly population apparently increases when the 
precipitation during the period of August-October of over 3 inches, accompanied 
by a mean temperature of between 50^ and 58° F., is followed by a May-July 
precipitation of under 6 inches and a mean temperature of 57° to 64° F. The 
lower precipitation in either period must be accompanied by the lower mean 
temperature. If drought conditions are present there may be a decrease 
in sawfly population, provided the drought seriously affects the crops 
grown under all methods of cultivation. 

In the light soil areas the sawfly population apparently inrrease^ when an 
August-October precipitation of over 4 inches, accompanied by a mean tempera¬ 
ture of 50° to 58° F., is followed by a May-July precipitation of less than 
7 inches accompanied by a mean temperature of 5P° to 64° F. The lower 
precipitation in either period must be accompanied by the lower mean 
temperature, and the increase will be more marked if July is the driest of 
the three summer months. Drought conditions are more apt to be present 
in the light soil areas, and a precipitation of less than 4 inches during the 
May-July period accompanied by a high mean temperature may cause a 
marked decrease in sawfly population. 

The sawfly population apparently decreases whenever the precipitation for 
the period of August-October of less than 5 inches with a mean temperature of 
46° to 57° F, is followed by a May-July period with the precipitation over 
7 inches and a mean temperature of 54° to 63° F. The lower temperature 



456 


SCIENTIFIC AGRICULTURE 


[Vol. 25 


must accompany the lower precipitation and if the fall precipitation is 
greater than 5 inches with a correspondingly high mean temperature it 
must still be followed by a high summer precipitation. This statement of 
forecasting apparently applies to the different soil types though it is 
probable that the totals could be lowered for the heavy soil areas with the 
same result. 

Using these figures as a basis, several years have been chosen as 
showing a marked increase or decrease in sawfly abundance. The. verifica¬ 
tion of the results has borne out the forecasting surprisingly well. 
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SUMMARY 

The wheat stem sawfly {Cephus cinctus Nort.) is a native grass- 
inhabiting insect which has become a wheat pest of the Canadian prairies. 

The adults emerge in June and oviposit in well developed stems of 
grasses and grains. The larvae spend the summer feeding in the stems. 
As the plants mature the larvae girdle the stems from the inside just 
above the soil surface. The stems fall to the ground and the larvae spend 
the winter in silken cocoons, in the cut stubs. Pupation takes place late 
in May. 

Rainy wet weather in the spring affects the pupation and emergence 
of adults and a stormy June may kill some adults. The development of a 
few strong host plants in the spring results in a concentration of eggs in 
these plants. One larva matures in each stem after destroying all the other 
eggs and larvae. A fall precipitation which builds up the reserve moisture 
in the soil and causes an even development of host plants reduces the 
concentration of eggs and insures a greater number of larvae for the number 
of eggs laid. Heavy summer precipitation which produces a rank growth 
in the host plants results in many larvae being drowned in the sap which 
runs into the hollow stem from the larval feeding cuts. 

The weather conditions during the crop year from, August 1 to the 
following July 31 apparently affect the sawfly population for the next 
season. The two periods of August-October and May-July seem to exert 
the greatest influence on the host plants and the sawfly, and the influence 
of weather app^rs to be more of a cumulative effect of each period rather 
than the effect oi separate months. 

Hythergraphs have been constructed on a three months’ cumulative 
basis and used as a basis of discussing weather conditions. These are used 
in correlating individual seasons and sawfly fluctuation as well as the 
climate of the prairies and sawfly distribution. 


* Deceased. 
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There appears to be a possibility of forecasting sawfly fluctuations with 
greater accuracy when the present information can be correlated with soil 
moisture investigations. At present a tentative forecasting can be made 
based on the precipitation and mean temperature for the periods of August- 
October and May-July. 
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A BIOLOGICAL METHOD OF DETECTING THE PRESENCE 
OF FUNGICIDES ON SEEDS* 

H. W. Mead* 

Dominion Laboratory of Plant Pathology^ Saskatoon^ Sask, 

[Received for publication December 7, 1944) 

During the course of some seed studies in which the effect of the 
fungus, Helminthosporium sativum, on germinating wheat seeds was being 
studied, it was discovered that conidia of this fungus would not germinate 
near seeds treated with Ceresan. This is an organic mercury dust used on 
cereal seeds for the control of smut and other fungi. This observation led 
to the adaptation of this principle for the purpose of testing seed for the 
presence of Ceresan and, more particularly, for measuring coverage; i.e., 
the percentage of seeds which received a uniform covering of dust. 

MATERIALS AND METHODS 

The following procedure was followed in setting up the test. Agar 
was poured into Petri dishes, and when cool, it was inoculated by flooding 
with a heavy suspension of spores of H. sativum in water. Enough of the 
suspension was added to cover the agar, and any excess was poured off by 
tipping the Petri dish. The seed to be tested was placed on the inoculated 
agar immediately, with 5 seeds on each dish. The plates were incubated 
at 24® C., and they were read about 48 hours later. At this time it was 
seen that the fungus had failed to grow in areas, roughly circular, around 
the treated seeds; indeed, there was very little growth on some of the 
plates even at a considerable distance from the seed. Untreated seeds, 
however, were completely surrounded and often overrun by the mycelium 
of the fungus. (Figure 1.) 


USE OF THE METHOD 

When this method was used to test coverage by a seed-treating machine 
or other means, samples were taken at timed intervals as the seed was being 
treated. From each of these samples, about 20 seeds were taken at random 
and were sown on the inoculated agar. This showed the percentage of 
seeds receiving dust in any sample and indicated whether or not the dust 
was being applied evenly to the whole lot of seed. 

The author has used this means to test various seed-treating machines 
and methods. The results of some of these tests, given in Table 1, showed 
considerable vaAtion in the efficiency of certain machines and methods, 
and some fluctuation in the amount of dust applied to the seed. 

* Contribution No. 801, Division of Botany and Plant Pathology. Science Service, Department of 
Agriculture, Ottawa. Canada. 

^Assistant Plant Patholo^st, 
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Figukh 1. 


Table 1.—Showing the percentage of seeds dusted with Ceresan by various 

MACHINES AND BY THE HAND METHOD. ThESE RESULTS WERE OBTAINED 
BY PLATING THE TREATED SEHIDS ON INOCULATED AGAR 








Sam pi 

e 






1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Mean 


% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

Machine No. 1 

100 

100 

80 

100 

90 

100 

80 

100 

100 

100 

95 

Machine No. 2 

100 

100 

100 

90 

100 

100 

100 

100 

100 

100 

99 

Machine No. 3 

100 

100 

100 

90 

80 

70 

50 

80 

80 

100 

85 

Machine No. 4 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

Machine No. 5 

100 

20 

100 

100 

20 

0 

40 

100 

100 

60 

64 

Machine No. 6 

55 

100 

100 

95 

95 

64 

15 

100 

100 

60 

79 

By hand; 

2nd mix 

100 

100 

80 

100 

100 

100 

100 

100 

80 

100 

96 

4th mix 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 


Further tests to determine the inhibitive effect of other fungicides on 
H. sativum and other fungi, grown in the same manner on agar in Petri 
dishes, were conducted by Miss A. M. Dickey of the Plant Products Divi¬ 
sion, Saskatoon, while working temporarily at this laboratory. The results 
of these tests are given in Table 2. 
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Table 2.—Showing the inhibitive effect of various dust fungicides, carried on 

WHEAT KERNELS, ON THE GROWTH OF ELEVEN FUNGI FRESHLY PLANTED ON 
POTATO DEXTROSE AGAR AND INCUBATED AT 24® C. 


Fungus 

Check 

Fungicide 

Ceresan 

Leytosan 

Semesan 

Spergon 

Thiosan 

Arasan 

Copper 

carbonate 

Helminthosporium sativum 

0 

+ 4- + 

4-4- 

4-4- 

4- 

4-4-4- 

4-4-4- 

0 

Fusarium culmorum 

0 

4-4- 

4-4- 

4- 

4- 

4-4- 

- 

0 

Conioihyrium sp. 

0 

4-4-4- 

4-4- 

4-4- 

4- 

4-4-4- 

4-4-4- 

0 

Cephlaosporium sp. 

0 

4-4-4- 

4-4- 

4-4- 

4- 

4-4-4- 

-H4-4- 

0 

PeniciUium puberulum 

0 

-f-f 

4-4- 

4- 

4- 

4--H 

h 

0 

P. lUacinum 

0 

4-4- 

4-4- 

4- 

4- 

4-4- 

-f 

0 

PeniciUium sp. No. 100 

0 

0 

4- 

0 

4- 

0 

0 

0 

PeniciUium sp. No. 551 

0 

4-4- 

4- 

4- 

4- 

4- 

h 

0 

Trichoderma sp. No. 521 

0 

4-4- 

0 

4- 

0 

4- 

0 

0 

Trichoderma sp. No. 541 

0 

4-4- 

4- 

4- 

0 

4- 

h 

0 

Aspergillus fiavus 

0 

4-4- 

4-4- 

4- 

4- 

4-4- 

4- 

0 


Legend: 

0 no inhibition 
+ slight inhibition 
4- + «■ moderate inhibition 
4-4-4- * complete inhibition 

h « growth hindered but not prevented 
— ■* no test. 


It will be seen in Table 2 that inhibition of growth of several fungi, 
growing from a spore suspension newly placed on agar may be caused 
by several fungicides. Among these were three organic mercury dusts and 
three organic non-mercury dusts. All of the former class prevented 
germination and growth of most of the fungi. Of the latter class, thiosan 
had the greatest effect. Copper carbonate did not suppress any of the 
fungi. One species of PeniciUium, isolated from wheat roots, resisted 
most of the fungicides. 

CONCLUSIONS 

It was found by exploratory tests that this method was very sensitive 
and that very small amounts of Ceresan could be detected on wheat seed. 
It is reasonable to expect that the other fungicides could be detected in small 
quantities also. The positive nature and sensitivity of the test makes it 
reliable in determining the presence of fungicides and the coverage on a 
seed sample. Its non-specificity prevents its use to determine the nature 
of the fungicide. Wjth certain modifications, such as the use of uniform 
glass beads to carry the dusts, this method possibly could,be used in the 
evaluation of fungicides, preliminary to extensive field tests. 

SUMMARY 

A biological Jgj^t for the presence of fungicides on seeds is described. 
The basis of the test is the inhibition of growth of certain fungi on agar 
in the immediate neighborhood of treated seeds. 
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Soil and Plant Analysis. C. S. Piper, D.Sc. Interscience Publishers 
Inc., 215 F'ourth Ave., New York 3, N.Y. 1944. :!>4.50. 

This book on methods of soil and plant analysis is probably unique in 
that plant analysis is given a place in a text which deals so fully with physical 
and chemical analysis of soils. 

As the author states, the methods outlined in the text have been fully 
tested at the Waite Agricultural Research Station, and furthermore a wide 
variety of soils has been used in checking the v^alidity of the results by the 
different methods. 

The book provides the laboratory worker with a most comprehensive 
discussion of almost every determination he is likely to encounter in the 
analysis of soil or plant material with the exception of ‘‘available” methods. 
In regard to the latter, the author feels that none of the many proposed 
methods has gained general acceptance and therefore is not included in 
the text. 

The inclusion of a section on plant ash analysis in a text book dealing 
quite fully with analysis of the soil appears to be an excellent provision. 
Nearly every technician or inve.stigator finds it necessary to carry out some 
form of ash analysis at one time or another. It is an undoubted convenience 
to have the methods of plant analysis gathered within the same co^'er as 
procedures for the analysis of soils. 

In addition to considering methods adapted to the determination of 
the more common mineral elements in plant ash, attention is also given 
to the matter of determining trace elements. 

All in all. Piper’s Soil and Plant Analysis appears to be a timely and 
valuable contribution to the subject. Workers in this field should find this 
a useful text for reference and a convenient source of information on 
methods they may not have had occasion to l)ec<^me famiiiarwith previously. 


J. Mitc hkll. 



462 


SCIENTIFIC AGRICULTURE 


[Vol. 25 


ERRATUM 

In the article entitled, '‘Topography and minimum temperature^' by 
VV. D. Albright and J. G. Stoker, November 1944 issue of Scientific Agri¬ 
culture (Vol. 25, No. 3, p. 151), there is an error in Table 3, second column 
under No. V. The figure for the year 1938 should be 0.96 instead of 0.06. 
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A MILKWEED SURVEY IN ONTARIO AND 
ADJACENT QUEBEC* 

H. Groh^ and W. G. Dorr’ 

Science Service, Ottawa, Canada 

[Receivetl for publication. February 1, 1915j 

Revival of interest in common milkweed (Asclepias syriaca L.) as a 
possible source of substitutes for products curtailed by the war was the 
occasion for the present survey activity 

The Dominion Government in 1942 instituted a search for native 
sources of rubber and other nuiterials needed in the existing situation and, 
finding milkweed a promising species, proceeded to secure a quantity of 
the seed through the agency of co-operating schools in Carleton County 
adjacent to Ottawa. In 1943 land in Peterborough County, as well as at 
Ottawa, was seeded to milkweed; and a campaign for the harvesting of 
' Vild*' leaves for use in a pilot plant at Ottawa, experimentally producing 
milkweed ‘‘rubber,” secured its immediate needs from collectors all o^^e^ 
the province and beyond. In 1944 the demand was altered to pods, 
desired for their floss, to meet urgent requirements of a good substitute 
for kapok in providing life jackets for sailors and airmen. All the fore¬ 
going presupposed that milkweed in some quantity was, or could be made, 
available. 

The general distribution and incidence of the plant was already known 
from data accumulated in the files of the Canadian Weed Survey over a 
period of some twenty years. This information, together with what could 
be gathered from various Canadian herbaria, has been published (1) but 
may be reviewed briefly here 

Common milkweed was found to be growing in all provinces from 
Saskatchewan eastward with the exception of Prince Edward Island and, 
until fairly recently. Nova Scotia. Its distribution westward from Ontario 
is interrupted north of the upper Great Lakes but not directly westward 
through Michigan; and the United States range continues southward even, 
according to some, to Florida, Texas and Arizona. Through much of this 
broad extent it is not sufficiently abundant for large scale exploitation. In 
Canada, east of Quebec city, west of Lake Huron, and north of Old Ontario 
the incidence is not high, occurreiD.^^ being only in scattered patches, thin 
stfinds, or more often northward, not at all. 

It was, then, within the southern portions of Quebec and Ontario that 
a more detailed survey, particularly for density, was required. Certain 
regions of higher incidence along an axis across Ontario had been indicated, 

»Contribution No. 808 from the Division of Botany and Plant Pathology, Science Service, Departine«4 
of Agriculture. Ottawa. Canada. 

• Associate Botanist. 

* Seasonal Agricultural Assistant. 
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but fuller and more quantitative data were still needed for intelligent 
direction of campaign effort as well as for the best possible understanding 
of habitat and other growth requirements of the plant. During 1943 and 
1944 the available time of the joint authors was used in an attempt to 
spread as uniform and adequate a network of survey lines over Old Ontario 
as was possible under current transportation limitations. This was 
extended northward and eastward into Quebec, but not sufficiently to 
warrant inclusion here except for some portions along the Ottawa River. 

THE SURVEY 

In any survey of such a large area some sort of random sampling 
method must be used. To this end efforts were made to traverse as many 
townships, or at least counties, as possible. Travel was by train or bus 
and by automobile. Auto travel allowed scrutiny of both sides of the road 
and the adjacent fields. By train one side only was recorded regularly 
although general impressions of fields opposite were gathered. Speed of 
some trains detracted from, but seldom wholly prevented reasonably 
satisfactory work. 

Milkweed, being a tall and conspicuous plant (Figures 1 and 2) was 
amenable as many others would not be to this type of running survey. 
The species with which it was most likely to be confused at a distance 
were such as elecampane and low shoots of choke cherry. Concentration 
on a single object of survey permitted attention to density wffiich was not 
possible in the earlier surveys covering hundreds of weed species at once 
for mere listing. In those circumstances an idea of incidence, derived from 
computation of the percentage of surveys in which milkweed appeared, 
was the primary objective. 

The routes followed in the course of the Ontario surveys during the 
two summers are shown in Figure 6. Observations were made over a total 
of 5,860 miles, travelling 4,598 by automobile and 1,262 by train or bus. 
In Quebec adjacent to the Ottawa River 272 miles were travelled by 
automobile. It is clear that the survey even now is not exhaustive although 
distance from a line of travel is nowhere very great. Parts crossed in 
reaching others more remote were inevitably worked the more closely as, 
for instance, Nepean Township next to headquarters, in which scarcely a 
road was left untravelled. This resulted in data based on uneven amount 
but still quite comparable character of survey. Whatever selection there 
was of routes for auto travel aimed to use both primary and secondary 
roads and to reach the various parts of a municipality. Roads along 
political boundaries were avoided since estimates here required extra 
calculation to share them fairly between contiguous townships. 

Method of Estimj^ion 

In actual practice methods were evolved for separate recording from 
two distinct types of site: (a) along roadsides and railways stands of 
varying density, on belts from road shoulder to fence strip, of varying 
width especially when reduced by shrubbery, water or rock exposure, were 
more or less continuous and lent themselves to linear rather than area 
recording as they passed under view; (b) field stands within easy range 




Figure 1. Milkweed in dower i^ an attractive and distinctive plani. C)t the 
numerous flowers ftoiii^j to make an umbel only a few mature as poils. These plants 
grew on the soil of an upland outcrop ol t\ >talline limestone in prevailingly Laurentian 
gneiss at Lascelles, Gatineau Co., Quebec. (Photo by F. C. Anderson). 


of vision beyond fence strips tended to be discontinuous owing to differences 
of land utilization in successive fields, woodland cover or drainage, and 
when present in enough area and density were recorded on an area basis. 

Concepts of density first had to be established. Five grades from 
practically “absent’' to “good” were found of practical value for use at a 
moderate rate of travel. Numerical equivalents for each of these were 
arrived at by counts of numerous stands that were considered representa- 
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Figure 2. Roadside plants are often vigorous and highly productive. These 
dust-covered plants bear respefctively 17, 21 and 14 developing pods per stalk. This 
is a region of cla^Hpil, 1^ miles east of Stanley Corners, Carleton County. The plants 
are growing alonflhe shoulder of a dirt road next to a deep ditch. Other plants have 
been grazed down. (July 31, 1944). 

live. These are shown in Table 1 and in part illustrated in Figures 3, 4 
and 5. For roadsides these were obtained by counts of all stalks in a road¬ 
side strip measured as to length, but merely average as to breadth. For 
field stands the count was of all stalks in a belt transect paced 70 yards 
long and 1 yard wide by' sight, or approximately l/70th acre in area. 
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Usually several transects in representative positions in a field were averaged 
to get a fair equivalent for the density given. The numerical equivalents 
so derived were used in all subsequent calculations. 


TaHLE 1.—SCHEDia.K OF GRADES USED IN THE ESTIMATION OF DENSIT\ OF ROADSIDE AND 
FIELD STANDS WITH THEIR EQUIVALENTS IN NUMHFR OF INDIVIDUAL STALKS 


Density j^rades 


Absent 

Poor 

Sparse 

Medium 

Good 


Roadside stands (stalks per mile) 


Field stands (stalks per acre) 


Range 

Average 

Range 

Average 

0 to SO 

0 

0 to 100 

0 

50 to 700 

300 

100 to 1,000 

500 

700 to 5,000 

1 ,500 

1,000 to 5.000 

2,500 

.?,000 to 8,000 

5.t)0() 

5,000 to 10,000 

7,500 

Over 8,000 

10.000 

Over 10,000 

15,000 



Figure 3. A roadside stand with 95 stalks in the strip about 2 yards wide and 
1 rod long, equivalent to 30,000 stalks per mile, 1J miles west of Fallowfield in Nepean 
Township, Carleton County. The larger plants are about 3 feet t»Tll, producing from 
8 to 22 pods each or an average of 12 pods per stalk. The soil here is heavy, the plants 
growing on the well-drained shoulder above a wet ditch. This patch would be rated 
as '‘good” density, however, the whole strip along this road was graded “medium” 
on account of some thin stretches. 
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Figure 4. A wild stand of milkweed on the heavy clay soil at Fallowfield Station 
near Ottawa. This held of about 6 acres in extent, has at times been cultivated, used 
as a meadow, and this year heavily grazed. Counts gave 19,250 stalks per acre, a high 
(“good”) category of density. About 1 stalk in 20 is bearing pods on the average of 
about 6 per stalk. The roots are shallow', only about 2 inches deep on this soil, under 
a sod of timothy, couch grass and perennial w^eecls. 



Figure 5. Milkweed in a pasture field at Ottawa along the Rideau River. This 
stand would be rated as “mediuni” density. It has been pastured for many years. 





Figure 6. Survey routes in Ontario. Routes traversed by automobile are represented by solid lines; train and bus by broken lines. 
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Observations were recorded on maps carried along or in part in note¬ 
books. Sheets of the National Topographic Series of the Department of 
■ National Defence, scale 1 mile to 1 inch, were used folded conveniently to 
receive entries delimiting each change of roadside density as passed by 
and locating field stands. From these roadside entries the various densities 
were later coloured in permanently according to a scale of colours adopted. 
They were then ready to be measured in miles of each by means of a cali¬ 
brated wheel and summarized by townships. Field stands, indicated as 
to position on the map by a numbered circle, were at the same time entered 
in a notebook to show judged acreage, density grade and character of the 
habitat. 

From these two sets of data the desired single figure for stalks per mile 
from roadside and field stands was obtained by addition. Then, dividing 
by the number of survey miles, a relative figure was obtained which made 
possible a comparison of one with another regardless of its size or the 
number of miles travelled. For the township or other unit adopted, these 
relative figures could then be arranged in descending order of density and 
grouped into the five grades shown in the legend of Figure 7. It is to be 
noted that the limits of these groups do not necessarily correspond with 
any of those in Table 1 but were derived more or less arbitrarily to put 
about an equal number of townships in each. 

As mapped by townships, centres of high, diminishing outward to 
lower densities, are apparent. A generalized presentation in Figure 8 
serves to blend townships missed entirely with those adjoining, and to 
focus still more the results obtained. Local extremes due to inadequate 
sampling are smoothed out in accordance with judgments based on personal 
knowledge of the situation or on replies to questionnaire enquiry. 

MILKWEED POPULATIONS 

Coming to a scrutiny of the map figures it can be seen that in Ontario 
(including Quebec parts of the Ottawa Valley) there are three major 
concentrations of milkweed. That in eastern Ontario, roughly the Ottawa 
Valley, is segregated from the others rather sharply by the wooded Lauren- 
tide shield on the northeast, and the rugged Frontenac axis of the same 
Precambrian formation reaching south to the Thousand Islands of the 
St. Lawrence. To the west, from end to end of the Trent Canal zone and 
north of the narrow lake plain, concentration is high. In the remainder of 
the area surveyed the most significant feature uncovered appears to be a 
paucity of milkweed from almost the whole plateau above the Niagara 
escarpment line to the Bruce Peninsula and extending to the St. Clair flats 
and Erie shore, where another concentration of milkweed occurs. Below 
the escarpment, tjj^level land north and west of Toronto, and the Niagara 
fruit belt, are also sparse. The dearth of milkweed in this region was 
especially notable in some of the heavy soils encountered. To a remark¬ 
able degree, also, there is conformity with earlier geological shore lines of 
the Great Lakes. Further analysis of this and other factors should be 
profitable, although perhaps, only after still more critical surveys. A 
fourth zone, of less extent, on either side of the city of Toronto is to be 
noted. 
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Figure 7. Milkweed density by townships based on averages of roadside and field stands as observ'ed while travelling 
routes indicated in Figure 6. Unshaded townships were not traversed. 
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Figure 8. Generalized map of milkweed populations of various densities based on the township averages as indicated in Figure 7. 
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Some faults inherent in the sampling method may be pointed out which, 
while not affecting seriously the broad outlines, have a bearing on the more 
local applications. For instance, the border townships along the Detroit 
River, central Lambton County, and the greater part of Elgin’s narrow 
strip were missed in the survey, and in the generalized map had to be 
merged with adjacent findings in the light of probability. Again, Morris 
and Hullett Townships in Huron County are an example of how a concen¬ 
tration of about 35 acres of milkweed around the town of Blyth, situated 
on the boundary between them, could create a “high” for two townships 
not in keeping with what was found for the region generally. A similar 
instance is afforded by Rockland in Russell County, and others in various 
places both East and West. When sampling is represented by an in¬ 
sufficient number of survey miles a single large field of milkweed can throw 
the stalk averages out of proportion to the general density over the area. 
In other cases, as in Canboro I'ownship of Haldimand County, and Wilher- 
force Township, Renfrew County, the averages, based on observations 
along marginal strips, are not truly representative. Moreover, it is felt 
that the results in an area like North Simcoe might be interpreted more 
conservatively than they were in view of the fact that more than usual of 
these dense stands were of dwarfed and sterile plants. The survey recorded 
stalks regardless of vigour or productivity. 

DISCUSSION OF DISTRIBUTION 

The rather striking segregation of milkweed populations in C^ntario 
into three distinct regions, and thcvse already fore^shadowed in the preceding 
weed surveys (1), provides a starting point for consideration of factors 
which could be responsible. No simple hypothesis proves to be adequate 
throughout but several things are at least contributory. 

Topography and Drainage 

While topography varies only within rather narrow limits the following 
physiographic features can be distinguished: (1) lowlands of the St. 
Lawrence and Ottawa rivers; (2) Frontenac spur and Laurentian shield 
north of Ottawa Valley; (3) plain between Frontenac spur and Niagara 
escarpment, including a rough glaciated region of deep morainic deposits 
through Peterborough to Simcoe C'ounty; (4) plain abox e Niagara escarp¬ 
ment in places exceeding 1,000 feet above sea level, bat including fiat 
lowlands to the southwest. Thus it is seen that the three milkweed belts 
are comprised within two of these tracts and the least elevated part of the 
third, while the greater part oi the western Ontario peninsula and the 
Frontenac axis lie between them 

Altitude, as such, need not be stresvsed as a fart or as the drainage basins 
concerned seem to be of more significance. Some of the lowlands which 
are sandy, as the lake shore deposits in ICssex Oounty where milkw’eed 
populations run from 10,000 to 20,000 stalks per mile, in western Norfolk 
and extending into Elgin County, in Welland County along the shore, on 
the Lake Huron shore, and the Lake Ontario shores at Hamilton Bay and 
in Prince Edward County, are all well enough drained and support milk¬ 
weed. But more generally lowlands are level, clay lake sediments, and 
are poorly drained unless of loose alluvial deposits or when served by 
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drainage canals. Apart from such exceptions they are deficient in milk¬ 
weed, as very commonly in northern Essex and Lambton Counties, north 
and east of Toronto, and in much of the lowlands west of Montreal. 

Uplands are of irregular topography with irregular drainage. The 
drumlin region in Durham, Northumberland, Peterborough, and Victoria 
Counties, and the morainic deposits west of Lake Simcoe give a great 
variety of soil and drainage types with many of them favouring milkweed. 
On the other hand the equally irregular Frontenac spur and Laurentian 
uplands, with their numerous lakes, are not generally favourable to milk¬ 
weed, but for other reasons than drainage. The elevated plateau of the 
western Ontario interior is a flat and heavy terrain almost devoid of milk¬ 
weed. Topography, as influencing drainage, undoubtedly has significance. 

Climate and Drainage 

Precipitation in these parts of Ontario is mostly between v30 and 40 
inches annually. Small areas in the Ottawa Valley, between Georgian 
Bay and Lake Ontario, and at the extreme southern tip of Ontario receive 
less than 30 inches annually. These, roughly, are areas of milkweed 
abundance. The correlation maybe mere coincidence, but it is of interest 
to note that the plant has an eastern limit of abundance toward the more 
humid climate of the Maritime Provinces. To the west common milkweed 
extends into eastern Manitoba in the zone of 20 to 30-inch precipitation, 
mostly in stream valleys where soil moisture is assured, but only sparingly 
beyond at less than 20 inches. There showy milkweed {Asclepias speciosa 
Torr.) and dwarf milkweed {Asclepias ovalifolia Dec.) largely supplant it. 

As altitude was not, probably, the significant feature in topography so 
precipitation within broad limits would seem to be less important than 
soil drainage. At each of the three points with slightly less precipitation, 
drainage happens to be generally satisfactory. On the clay plains of 
western Ontario, and even on Rubicon sand in Russell County in eastern 
Ontario, both poorly drained because of level topography, milkweed is 
almost absent. For a part of the season these clay soils are wet almost to 
the surface (when not artificially drained) and root growth is forced to 
shallow levels. Droughts following, opening up soil cracks, both injure 
roots and deprive them of water. The species is not averse to moisture 
but must have sufficient soil aeration. The thick horizontal root appar¬ 
ently cannot endure a water-logged condition. In deep sandy soils the 
same trouble can be encountered in abnormal seasons when, as in the very 
wet August of 1943 with 9 instead of the normal 3 inches of rain at Ottawa, 
plants with roots growing deep in the open substratum were found killed in 
September, presumably through the raising of the water table above the 
level at which they had established themselves. It is a general observation 
that saturated sAtifp^p soils do not support milkweed although the well- 
drained road grades crossing them may be covered profusely. Once only 
did there appear to be a serious exception to the rule: at Walkerton, in 
Bruce County, seepage from a dam, keeping lower ground permanently in 
a state of moisture to maintain typical swamp vegetation of alder, willow 
and the like, included with them a fair amount of milkweed. It was grow¬ 
ing, perhaps in competition for light, to record heights of 6 and 7 feet and 
bearing pods normally. Investigation probably would have disclosed 
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shallow-rooting reaching into hummocky spots to escape the saturation 
just below. In this situation too, there would not be the violent changes of 
water level involved in the other instances cited; fluctuation, seasonally or 
from year to year, rather than a higher or lower uniform level (above 
saturation) appears to be the critical factor. 

Soils 

On the whole there is considerable support for the view that soil 
moisture and drainage are of consequence. Whether soil itself (its texture, 
structure, acidity, fertility, etc.) isimportant has not been easy to determine. 
Relationships have not been clearly worked out because soil maps were not 
everywhere available and the survey is sMll too general. 

Excellent stands of milkweed are to be found on soils of any textural 
group—sand, clay or muck, particularly when they tend to a loamy 
character, and providing they are well drained. The plant seems responsive 
to fertility. When sands are leached of fertility the plants, although 
present, are not luxuriant. This was apparent on sandy ridges and plains 
in Simcoe County and on extensive tracts near Otter Lake, in Pontiac 
County, Quebec. On the other hand when fertilized, even with commercial 
fertilizer as in the sandy tobacco fields of Norfolk County, stands were 
strong, where otherwise not so. Clay soils are naturally more fertile but, 
as illustrated in northern Essex County and up the Ottawa River, are 
productive of milkweed only when w^ell-drained and agriculturally fit. 
Some of the best milkw^eed seen, in the Ennismore and Ipperwash districts, 
w'as on land approaching the muck type, which had undergone drainage 
and amelioration to a state of high fertility. Confusing the issue, though, 
is the fact that frequently in the Ottawa district fields of well-podded 
milkweed can be seen on almost bare, irregularly eroded limestone strata, 
the stalks emerging from deep fissures of the rock about as well as from the 
pockets of soil forming in every depression. Just what is the provision for 
moisture here is not clear, unless efficient root storage carried the plant 
through intermittent drought. 

Soil derivation and the influence of underlying rock is of interest. 
Limestone is frequently, in eastern Ontario, quite vshallow under flourishing 
stands of milkweed, and underlies much of its territory also in central 
Ontario, but that at the lower extremity of the province grows on lake 
deposits of considerable depth over the underlying Devonian limestones 
and shales. Outcrops of crystalline limestone within the Precambrian 
formation are also commonly milkw^eed areas. Only for the exception of 
southern Ontario this might argue limestone or alkaline preference of the 
species, but tests made of acid tolei mce varied between pH 6.6 and pH 5.7, 
or scarcely neutral. More acid soils such as would be derived from granitic 
rocks, or from sandstone or clay soils sour from poor drainage, are definitely 
uncongenial. Soils of limestone origin on the other hand, are not neces¬ 
sarily highly alkaline, since leaching in a climate such as this ordinarily 
reduces them to near neutrality or even to acidity. The milkweed concen¬ 
trations near Ottawa and in central Ontario are both on predominantly 
neutral soils. Roadsides, otherwise acid, are doubtless often rendered 
congenial to milkw^eed by pulverization of the limestone material applied 
to roads. 
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Absence of milkweed from certain shallow soils over level limestone 
strata in Prince Edward County and adjoining Frontenac County, and 
around Ottawa, might be attributed to their lack of moisture-holding 
capacity between rains, rather than to any unfavourable pH due to 
proximity of the limestone. 

Light 

Only rarely has milkweed been found in shaded conditions. Over most 
of the surveyed area cleared and wooded portions are fairly uniformly 
interspersed in the proportion of 20% (or less in Old Ontario alone) of 
woodlot to 80% of cleared or grass and marsh land (Census, 1931), and 
milkweed was notable only for its scarcity through these wooded stretches. 
Through the Lennox-Frontenac hinterland this would share with the 
granitic forest floor in responsibility for the dearth of the plant. In 
diffused light it may struggle upward into lanky growth, but more dense 
shade dwarfs it and soon extinguishes life. 

Cultural Considerations 

Under this broad head may be reviewed most of the man-made condi¬ 
tions which undeniably enter into any appraisal of the situation. It is 
generally conceded that Asclepias syriaca is native to North America, 
although originally it would be less widely distributed than now. Forest 
cover and water-saturated soils in pre-settlement times were the restricting 
factors to a greater degree than now. Savannah openings in the forest, 
sandy river flats and shore dunes and the plains westward would be the 
probable sources populating its present range. Certain observations of the 
survey suggest that migration eastward is still in progress. In the Eastern 
Townships of Quebec a tendency to isolation in pure clones along roadsides, 
in orchards and hay fields, rather than in pasture and roadside stands of 
continuous and intermixed clones, as in Ontario, might be interpreted as 
indicating recent establishment. Farther east, while there are early 
records from Quebec city, Matapedia, Fredericton, etc., others of the com¬ 
paratively few and localized infestations are probably more recent. In 
Nova Scotia the plant was unknown until 1930, since which date almost an 
axis of stations has been stretched through the Annapolis Valley, with a 
report from Cape Breton. There are still no records from Prince Edward 
Island and the mainland opposite. 

Climatically, and with regard to the other factors discussed, all of 
settled eastern Canada should come within the bouitds of milkweed 
tolerance. It appears merely a matter of time and the operation of requisite 
agencies of disp)ersal to bring much of the remaining area under inv 2 tsion. 
It may be doul^ed, however, that either here, or again in Ontario, will 
invasion be sucTas was depicted in a paper read by Alexander Kirkwood 
before the old Ottawa Natural History Society in 1867 when he said: *'The 
milkweed is well known to almost every farmer and next to Canada thistle, 
is viewed by him as his greatest pest.” 

Kirkwood's picture may be less overdrawn than might be thought. If 
it is remembered that the best of Ontario farm lands must have passed 
through the cruder phases qf development which still mark areas of marginal 
utilization owing to their topographically broken and less arable character. 
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the situation will be clearer. Forgetting for the moment altitude, precipita¬ 
tion, soil, and even drainage and light conditions as separate factors, a 
glance at the maps will reveal considerable association of high milkweed 
density with agricultural conditions only fair to marginal. Much of eastern 
Ontario’s “high” is over shallow rock outcrops as contrasted with the less 
broken St. Lawrence lowlands east of there. The Trent Lanai system is 
much less amenable to high tillage than the broad stretches of farm land 
north and west of Toronto. Above the Niagara escarpment, again, is a 
tract of more than 14,000 square miles, mostly under highly developed 
agricultural use, with milkweed at its best only in the sandy parts of 
Norfolk and Essex Counties devoted to tobacco growing under heavy 
reinforcement of artificial fertilizers, or even withdrawn from cultivation 
for reforestation. The point is that flourishing land use, whatever else 
may be conducive to milkweed, holds ii in check, or strikes a balance 
between tendencies at least. As land clearance admitted, so agriculture 
finally stabilized the weed at its present more or less innocuous state in 
this or that belt. 

As a corollary to the foregoing the suggestion is offered that any 
prospective demand for milkweed products should look, not to lands 
already well enough utilized but to those le.ss favourably placed as regards 
crop adaptation, accessibility to markets, or under other disabilities of the 
“back concessions.” Having now more than their share of milkweed 
them capitalize on it. Extensive areas between Peterborough and Georgian 
Bay, for instance, with dwarfed and largely sterile stands on land furnish¬ 
ing indifferent pasture would, there is reason to believe, be stimulated to 
heavier production of this plant (and grass) by means of sharp surface 
scarification of disc or cultivator in spring or after soaking rain. In some 
cases ploughing would be a warranted expense, judging by numerous 
instances where incipient stands from roots, almost suppreswsed in old sods, 
have been found restocking promptly those parts broken up for potatoes, 
buckwheat or other grain. Any programme of milkweed increase should 
consider well the merits of such root propagation before embarking on little 
understood seeding operations on better land. 

With further reference to pastures it may be doubted that grazing has 
much direct controlling influence on milkweed. The trampling of live stock 
and consequent firming of the soil no doubt retards it somewhat. Sheep 
are reported to eat the young plants, and some “topping” \\ ..s observed in a 
Gatineau County, Quebec, pasture carrying young cattle. Ordinarily, 
animals graze closely around, without touching, milkweed stems. Plants 
dried in hay, on the other hand, are reported by Michigan observers to be 
much relished. On the whole lards in permanent pasture, more than in 
any other use, were the sites of heavier infestation, in eastern and central 
Ontario particularly. 

Before leaving the subject of man-made conditions attention should 
be drawn to a distinct concentration of milkweed commonly in the neigh¬ 
bourhood of towns and cities. Land previously well farmed, under the 
influence of rising property values, reverts to weeds and grass in sub¬ 
divisions awaiting use as building sites; and meanwhile provides the zone 
of density which has enabled schools of suburban Toronto and other centres 
of population to share fully with more rural districts in the harvesting of 
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leaves or pods. This is clearly shown east and west of T^oronto in Figure 8. 
The same effect northward is neutralized in the mapping by the inclusion 
of so much land still attractive for intensive agriculture. The contrast 
between the more settled shore strip through Scarboro and on into Ontario 
County, and that inland through Agincourt, is at least partially thus 
explained. 

The cycle of change from cultivation, through weeds and thin grass, 
to a closer sward is illustrated also in the roadside surveys. Secondary 
and less used roads, where weeds and infrequent mowing leave debris to 
prevent formation of a close sod, were appreciably richer in milkweed than 
main travelled highways, whether these were seeded down or merely allowed 
to grass over with the help of closer attention. In several years' history 
of a meadow the same decline of the plant upon the formation of denser 
sward has been observed. Railway embankments, and rights of way 
cleared of rubbish by frequent burning were usually characterized by open 
sod frequented by milkweed. 

Other forms of life, as insects and disease organisms, attack milkweed, 
but can hardly be credited with any great influence on either density or 
incidence. Virus disease, everywhere prevalent, results in a dense clump¬ 
ing of stems throughout the extent of the clone infected, together with 
yellowing or mottling, and finally deforming of leaves, stems and flowers, 
and little fruiting. Flagellates are reported as occurring generally in the 
latex of normal plants. In Renfrew County in a vigorous crop of milk¬ 
weed, whole clones up to several square rods in extent were being defoliated 
prematurely by what was suggestive of bacterial disease. Aphids were 
often abundant rendering the plants sticky with their exudates. Two leaf¬ 
eating insects were common, and once a gregarious species of hairy cater¬ 
pillar had nearly stripped the foliage. In one instance white grub injury 
to the root was found to be the stimulus to proliferation of shoots similar 
to that present with virus troubles. The milkweed caterpillar, larval stage 
of the familiar Monarch butterfly, is not the factor in defoliation that might 
be expected. 


ESTABLISHMENT AND DEVELOPMENT 

An ordinary stalk of milkweed ms^ produce several hundred seeds; 
and the stalks of an entire clone this number many times multiplied. The 
seeds with their floss are well equipped for wide distribution by wind so 
that every suitable site within its natural range should be well populated. 
This is far from being the case. In field work seedlings are rather in¬ 
frequently found, and experience with seedings has not been uniformly 
successful. Without here going further into the bionomics of the seed it 
may be observed that its considerable size and lightness, even when detached 
from the floss, must operate to keep it from settling readily through surface 
material to a gernlAation bed. 

When a seedling has been successfully started a clone soon develops 
if conditions are good. Root extension starts in the latter part of the same 
year, even though new shoots do not reach the surface until the following 
spring. Once there is an ample foliage, surface root development becomes 
quite active, and plants by the second and third years from the seed, even 
if sown in rows, spring up indi^riminately all around and to some distance. 
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Numerous adventitious buds appear over all the root, the majority remain¬ 
ing dormant until space above or other conditions warrant their activity. 
The most vigourous stems arise from around the crown marking the previous 
year’s growth. If these are lost by cutting, rub injury or disease, other 
buds, sometimes in excessive numbers, are called into activity. Flowering 
can occur in the first year but reaches its fulness only as reserves accumu¬ 
late by about the third year. 

The usual outcome of what has just been described is a colony of 
greater or less extent as soil conditions or inherent characteristics may 
have determined. Examination of a field shows that the stalks belong to 
relatively few clones, sometimes becoming intermingled, but recognizable 
by individuality of stature, leaf shape, colour of stalks and flowers, follicle 
type, etc. P2ach of these clones, unless root fragments were distributed 
by cultivation or other disturbance, had its origin from a single seed. 
Obviously the species is not greatly dependent for its persistence on 
continuous seed propagation, but has that alternative when unoccupied 
range is suitable and is not pre-empted by other v^egetation. 

AN APPLICATION OF THE FINDINGS—POD YIELD 

For use in the 1944 pod collection campaign the best available advance 
estimates of potential production were required, and such application of 
the survey figures as they would bear were made. County estimates were 
needed for this, therefore the township data for combined field and road¬ 
side stands were brought together for the larger unit. Only those counties 
were included in which sampling involved travelling 10% or more of the 
road mileage by automobile. Before including the field stands in the 
combined totals, however, they were weighted by three, which was con¬ 
sidered a safe factor to extend observations from the road to the middle of 
any block of land and thus lepreseiit total milkweed population. The 
average per mile for these counties was then multiplied by the total mileage 
in roads, as supplied by the Ontario Department of Highways, to give the 
figures in the 4th column. Table 2. Further, a rough assumption of 1 pod 
for each 2 stalks, and 800 pods per bushel was made for the purpose of 
calculation. It is appreciated that in these particulars variation can be 
quite wide. As merely the best figures immediately available on yield, 
and for comparative rather than absolute use, they are set down as worked 
out in Table 2. 

From Table 2 it would appear that Simcoe and Renfrew are the really 
high producing counties. Next in order are Peterborough, Ontario, York 
and Norfolk. All these are counties where field stands contributed heavily 
to the total, and the weighting to .apply the field stand results to the whole 
area was additionally in their favour. Counties notably low are Lincoln. 
Haldimand and Halton in the west, and Lennox and Addington and 
Frontenac in the east. 

While the actual figures of pod collection in 1944 are not available at 
the time of writing, some indication of the reliability of these estimates 
may be gained from the yields of dried leaves in 194vS. The counties given 
a high estimate above, except Norfolk, provided over one-half ton of dried 
leaves, while the four named for low pod yield collected one-half ton or 
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less. Quite extraneous reasons for the relatively low leaf collection of 
only one-quarter ton in Norfolk are to be found. It is obvious that many 
things besides actual yield enter into the ultimate collection results. 

Table 2.—Milkweed density and estimate of pod yield for 

SOME COUNTIES IN ONTARIO 



Stalks 

per mile 

Miles 

Total 

Green* 

County 

Roadside 

Stands 

Field 

Stands 

of road in 
county 

stalks 

(thousands)* 

pod yield 
(bushels) 

Carleton 

1,665 

5,850 

1,298 

24,900 

15,600 

Essex 

3,000 

3,760 

1,176 

16,800 

10,500 

Frontenac 

360 

370 

1,121 

1,650 

1,030 

Haldimand 

720 

870 

757 

1,850 

1,150 

Halton 

700 

575 

573 

1,900 

1,180 

Hastings 

560 

1,870 

1,777 

10,970 

6,850 

Kent 

1,000 

4,085 

1,602 

21,240 

12,650 

Lanark 

1,600 

5,200 

1,216 

20,900 

13,000 

Leeds and Grenville 

760 

450 

1,660 

7,300 

4,570 

Lennox and Addington 

420 

120 

809 

640 

400 

Lincoln 

160 

200 

816 

620 

390 

Middlesex 

900 

1,775 

1,999 

12,470 

7,800 

Norfolk 

1,820 

8,850 

1,130 

32,000 

20,000 

Ontario 

1,161 

12,760 

1,381 

54,400 

34,000 

Peel 

500 

3,625 

724 

8,240 

5,150 

Peterborough 

1,240 

17,300 

1,122 

59,700 

37,300 

Prescott and Russell 

1,140 

2,870 

1,234 

24,700 

15,000 

Prince Edward 

370 

2,000 

547 

3,500 

2,200 

Renfrew 

800 

17,640 

1,914 

102,800 

64,260 

Simcoe 

1,470 

16,340 

2,369 

119,600 

75,750 

Victoria 

1,000 

8,000 

1,114 

27,900 

17,450 

Wentworth 

1,015 1 

7,610 

718 

17,100 

10,700 

York 

665 

7,580 

2,014 

47,150 

29,470 


• Calculated as described in text. 

OTHER MILKWEEDS 

Swamp milkweed {Asclepias incarnata L.) was in essentially the same 
Ontario range but occupying distinctly moister habitat. It was relatively 
uncommon in the eastern parts, more abundant in the Peterborough district, 
and reached high prevalence only in the southwestern peninsula. It was 
especially prominent in roadside ditches and other wet land in Kent, Essex 
and parts of Lambton Counties. Butterflyweed {Asclepias tuberosa L.) 
was found common only in sandy areas along Lake Erie and lower Lake 
Huron, rare and sporadic on sand plains elsewhere, and including one such 
in the Ottawa district. Sullivant's milkweed {Asclepias Sullivantii 
Engelm.) has been found at a few stations about Lake St?. Clair, through 
the efforts in the past two years largely of Dr. W. Sherwood Fox. A few 
other species are known by herbarium specimens to be represented in 
southern Ontario counties. The pods of any which are not too rare may 
find their way i4to collections of common milkweed and without serious 
objection to such admixture. 


SUMMARY 

A survey of density and distribution of the wild stands of common 
milkweed {Asclepias syriaca) in Old Ontario (including the Quebec side of 
the Ottawa Valley) involved 6,132 miles of travel by automobile and train. 
Roadside and field colonies were recorded by density grades and were then 
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combined to be expressed as stalks per mile of travel. Maps prepared by 
plottinp^ these fij^ures by townships provided a mosaic from which regions 
of high or low density are apparent. Survey technique has been detailed. 

Three main concentrations of milkweed are: the Ottawa Valley mostly 
westward from Ottawa; the morainic belt extending through the Trent 
drainage system to Georgian Bay; and the southwestern peninsula border¬ 
ing Lake Krie to Detroit River. Regions of light occurrence are: the 
Frontenac axis of Precambrian rock and borders; heavy soil plains of the 
ancient glacial lakes bordering the lower Great Lakes; and much of the 
extensive plateau between the Niagara escarpment and Lake Huron. 

Factors most strongly influencing this pattern of distribution and 
density appear to be: soil drainage and ae**ation; absence of shading; and 
various cultural conditions. Topography has its bearing on drainage. 
Within wide limits precipitation is of minor importance except as, super¬ 
imposed on soils, it helps to create a complexity of drainage types. On 
heavy lowlands plants are subjected to extremes of wetness and desiccation, 
while alluvium and sandy or loamy tracts remain more uniform. Soil 
texture otherwise is secondary to fertility and agricultural fitness. Neutral 
soil reaction supports milkweed better than an extreme of acidic from 
granitic or sandstone derivation; but limestone, at the other extreme, is 
commonly tolerable because leached out to leave but slight alkalinity. 

•Although perfectly at home in the best of farming land, milkweed 
finds its opportunity oftener in submarginal lands not so well utilized, or 
in suburban areas, on neglected waysides, or in fields reverting to scxl or 
newly broken from sod. OtherwLse, stifT sod, swampy and wooded areas 
chiefly restrict it. Being unpalatable to live stock it also escapes the 
grazing suffered by other weeds. While subject to attack by various 
parasites it is not seriously held in check by these. 

Although a high f)roduction of plumed seeds provides for wide coloniza¬ 
tion, actual propagation is more efficiently accomplished by the fleshy 
creeping roots. 

The survey, besides helping to clarify understanding of environmental 
relations, has provided some guidance for pod collection activities through 
advance estimates of potential yield from each district. 
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A NEW LETHAL IN SHEEP 

NERVOUS INCO-ORDINATION OR PARALYSIS AT BIRTH* 

K. Rasmussen* 

Dominion Experimental Station, Lethbridge, Alberta 

[Received for publication December 2b, 19441 

For a number of years sporadic cases of paralysis in new born lambs 
have been noticed in the sheep flock at the Dominion Experimental Station, 
Lethbridge, Alberta. No special significance was attached to them as 
they were considered to be individual abnormalities. However, in 1942 a 
concentration of these cases was observed in one of the four inbred lines of 
Canadian Corriedales in the flock, and no cases occurred in any of the 
other breeding groups. Consequently it apf)eared that there was a genetic 
basis for this abnormality as all the sheep were managed as one flock except 
during the breeding season when breeding groups were segregated. During 
the breeding season all sheep were handled and fed in a similar manner so 
it was reasonable to assume that the condition was not dependent on 
environmental or nutritional factors. 

REVIEW OF LITERATURE 

The most recent review of lethal and sublethal characters in farm 
animals by Lerner (1) lists only two abnormalities in sheep, namely, muscle 
contracture and paralysis, that indicated a possible similarity to the 
condition observed in the Lethbridge flock. Roberts (2) originally reported 
on the condition of muscle contracture in new born lambs. The main 
characteristic of this abnormality was that the limbs were rigidly fixed, 
with only a small amount of movement at the joints. Zophoniasson (3) 
reported on the condition of paralysis in Icelandic sheep in which the 
affected lambs were lame at birth and with inco-ordination in the rear 
quarters. The description given in his report indicated that the condition 
was not similar to that reported in this paper. 

DESCRIPTION OF ABNORMALITY 

Observation of cases occurring in 1942 first led to the belief that the 
condition was readily recognized but in subsequent years it has become 
evident that a considerable range exists in the severity of the affliction so 
that in some cases the condition may be overlooked. In what may be 
considered to be typically severe cases the lambs are unable to get to their 
feet without assistance and cannot stand even when placed on their feet. 
Another characteristic of the severe cavses is that there appears to be a 
muscle contracture causing a concave curvature of the back when the 
animals are lyinj|Hdown and a tendency for the neck to be flexed so that 
the head is drawn sideways from the normal plane. Furthermore, there 
is usually a more or less continuous muscular movement causing a twitching 
and kicking of the legs. 

• Contribution from the Experimental Farms Service, Dominion Department of Agriculture, Ottawa, 
Canada. 

* Head. Animal Husbandry Section. Dominion Experimental Station, Lethbridge, Alta. 
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From the severe symptoms there is a j^radual diminution to the stage 
where the affected lambs cannot be distinguished with accuracy from Iambs 
that may be weak at birth for other reasons. In some mild cases the lambs 
appear to be normal but as they develop and begin to move about it is 
noticed that their gait and stance are abnormal. The most noticeable 
feature of such cases is that the legs, particularly the hind legs, are not 
properly drawn under the body and this gives the Iambs a spraddled appear¬ 
ance. Lambs affected in this manner have difficulty in walking as the 
legs are dragged rather than lifted in the normal manner. 

The severely affected animals usually die within 48 hours of birth, 
mainly because of starvation brought about by their inability to stand and 
suckle. In 1042 one severely affected lamb was assisted for a couple of 
days and then improved to the point where it could get up and move 
around with some difficulty. For about a week it appeared to be making 
progress but then it began to weaken and finally died on the fourteenth 
day. Figures 1 and 2 (Plate 1) show this lamb in characteristic poses 
two days before death. It could drag itself along by using the front 
legs but had no power in the hind quarters. 

Figures 3 and 4 show a lamb that was quite severely affected but was 
able to move about though it later died. These illustrations show the 
extreme condition of the abnormal stance of lambs affected but able to 
walk. 

A lamb with slight symptoms is shown in Figures 5 and 6. This 
lamb was not observed to be abnormal until it was about a month old 
but then it was seen to always fall behind when the flock was being moved. 
Further observation showed that it had the abnormal gait that since has 
been found to be characteristic of the milder cases. The pictures do not 
show extreme abnormality but do indicate an abnormal position of the 
legs when the lamb is standing. 

BREEDING HISTORY 

Since this condition first was noted in 1942 a study has been made of 
the possible hereditary nature of the condition and while ihis study is not 
completed it was thought that the material might be of sufficient interest 
to justify its publication. 

The inbred line in which the abnormality first was observed is 
designated as Line 4. It was sei up in the fall of 19v34 along with other 
lines in the Canadian Corriedale flock developed at this Station. All lines 
had the same origin and had been flock mated up to that time. The 
division of ewes into lines was largely on a random basis and the original 
sires were selected from males available in the flock. The lines have been 
kept intact since their inception with the e.xception that one line was dis¬ 
continued and the ewes divided among the remaining lines. Furthermore, 
one of the original lines has since become so large that it has been divided 
into two sub-lines. 




CAPTIONS 

Figures 1 and 24fcow a lamb so severely paralysed that it was unable to stand. 
Position of hind legs shows complete lack of control. Figures3and 4 show the abnormal 
stance of a lamb severely paralysed but able to walk. Figures 5 and 6 are of a lamb 
only slightly paralysed. Casual observation in a flock might not identify such a lamb. 
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The 1942 lambing record of Line 4, in which the abnormality appeared, 
is summarized in Table 1. 

Table 1.— Progeny record for line 4 in 1942 


Classilication of lambs 

Inbred 

Non-inbrefl 

Normal 

28 

9 

Paralysed 

'9 

1 

Dead at birth 

4 

0 

Died the first day 

0 

1 

Killed at birth 

2 

1 

Total 

43 

12 


The only data to which any significance can be attached are those 
classed as “normal'’ and “paralysed.” Lambs dead at birth may or may 
not have been paralysed but this could not be determined. Those killed 
at birth were destroyed for other reasons having no apparent bearing on 
the present case. 

The ratio of 9 paralysed to 28 normal in the inbred group definitely 
points to a genetic factor of a recessive nature. The single case among the 
non-inbreds need cause no particular disturbance as the gene responsible 
may well have been in the original stock from which the line was segregated. 

The relationship of the various inbred paralysed progeny is shown in 
the accompanying chart. 


147P 


rC258 

lc584 


191U 


223S 


|147P 

\C54Q 


Paralysed! 
lambs I 


Group \' 


C258 

X 


Dams' 


Group B 


147P 

X 


Group C 
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This chart shows that all the paralysed lambs were sired by the same 
sire (19lU) and the dams of the paralysed lambs were closely related to 
this sire. 

EXPERIMENTAL MATINGS 

In order to study further the inheritance of the abnormality a special 
breeding group was set up in the fall of 1942. In this group all ewes that 
had produced paralysed lambs in Line 4 were mated back to the sire, 191U, 
that had produced paralysed lambs in this line. These same matings 
were continued in 1943 with the remaining ewes. A summary of the 
lambing results for these matings in 1942, 1943, and 1944 is given in Table 2. 

Table 2.—Progeny record of ewes that produced paralysed 
LAMBS when mated TO RAM 191U 



1942 

1943 

1944 

Total 

1942, 

1943, 
1944 

Total 

Ewe 

Sex of 
lamb 

Class* 

.Sex of 
lamb 

Class 

Sex of 
lamb 

Class 

1943, 

1944 

156S 

M 

P 

M 

P 

F 

N 


_ 


— 

— 

M 

N 

— 

— 

— 

— 

18SS 

M 

P 

F 

N 

M 

N 

_ 

_ 


— 

— 

M 

N 

M 

N 

— 

— 

223S 

M 

N 

M 

P 

M 

N 

_ 

_ 


M 

P 

M 

P 

M 

N 

— 

— 

41T 

M 

P 

M 

P 

M 

N 

— 

— 

95T 

P 

P 

M 

P 

M 

P 

— 

— 


— 

— 

7 

P 

— 

— 

— 

— 

103T 

M 

P 

_ 

_ 

F 

N 


_ 


M 

P 

— 

— 

F 

P 


— 

212S 

F 

P 

— 

— 

— 

— 

— 

— 

Total lambs 

Paralysed 

Normal 

9 

8 

1 

9 

6 

3 

9 

2 

7 

27 

16 

11 

18 

8 

10 


♦ P paralysed. 
N » normal. 


Twenty-seven lambs were produced by these ewes during the three 
years but in view of the fact that the ewes originally were selected because 
they had produced defective lambs the 1942 data cannot be used in the 
present analysis. 11943 and 1944, eighteen lambs were produced of 
which 8 were classra as defective and 10 as normal. It should be 
emphasized, as indicated earlier, that some mild cases of the defect may 
have escaped attention so the classification may not be completely accurate. 

The data in Table 1 indicate that the defect is conditioned by a reces¬ 
sive gene and this is supported by the data in Table 2. However, the 
r^ults from the special breeding group indicate that this may not be a 
simple case of a homozygous recessive condition. Undoubtedly there are 



April, 1945] 


RASMUSSEN—A NEW LETHAL IN SHEEP 


487 


modifying genes involved and there is some evidence to show that possibly 
the milder form of the defect exists in individuals that are heterozygous for 
the causative gene. A definite decision on this cannot he made on the 
basis of available data. 

Some supplementary evidence is available from the matings in Line 4. 
The ewes that did not produce piaralysed progeny in this line in 1942 were 
continued in the line and mated that fall t(, ram 19()V whose pedigree is 
as follows: 

fC258 

fl47P{ 

I C584 


190 V 


149T 


fL258 

147P^ 


^(.'584 


rC258 


7Ps 

lC329 


This is the same pedigree as that of 191IJ with the exception of the 
maternal section of the dam. In the 1943 progeny from this sire no 
paralysed lambs occurred. This would indicate either that this sire was 
free from the gene for the defect, or that all the heterozygous ewes had 
been removed from the group. This latter assumption is logically unsound 
and furthermore has been proven incorrect by later matings. 

In 1943 a third ram, 65W, was used in Line 4. His p)edigree is 


65W 


i9ir 

64P 


'147P 

223S 

C562 

C594 


On the maternal side he had no immediate relationship to the other 
rams, but apparently he had received the gene from his sire as he produced 
three paralysed progeny in the 1944 lamb crop resulting from this mating. 

DISCUSSION 

While the breeding experiments are incomplete and not fully critical, 
the data support the assumption that the condition of f)aralysis observed 
in new born lambs has a hereditaiy basis and is not caused by specific 
environmental or nutritional factors. The simplest explanation of its mode 
of inheritance is that it is conditioned by a recessive gene with modifiers 
that determine the degree of expression. It might be assumed that the 
more severe cases are homozygous recessive animals whereas the hetero¬ 
zygotes would exhibit the less severe manifestations of the condition. The 
observations made on new born lambs have not been sufficiently critical to 
provide adequate data on which to base definite conclusions in this regard. 
Furthermore, breeding tests would have to be conducted to verify such a 
hypothesis, and this has not been possible up to the present time. 



483 


SCIENTIFIC AGRICULTURE 


[Vol. 25 


PRACTICAL SIGNIFICANCE 

Any abnormality that results in death of lambs is of definite practical 
importance. Consequently the paralytic condition described in this paper 
must be given serious attention wherever it may appear. It is by no 
means self eliminating even though all the homozygotes may die and a 
number of heterozygotes be eliminated through culling. It may be 
possible eventually to learn to detect all affected animals while they are 
young and thus eliminate them from the flock, but further study will be 
required along these lines. Until this can be determined the incidence of 
the characteristic can be kept at a minimum by systematic culling of all 
abnormal animals and by disposing of all breeding stock, that through a 
breeding test, have been shown to be carriers of the gene. 

SUMMARY 

A lethal deformity of new born lambs is described. The main charac¬ 
teristic of this abnormality is inco-ordination of muscular action causing 
the lambs to be unable to stand. Muscle contracture in the muscles of 
the back and neck was observed in some cases. Also in some cases a con¬ 
tinuous involuntary muscular activity caused the legs to constantly twitch 
and kick. 

The characteristic appeared sporadically before inbreeding was started 
in the flock and then it concentrated in Line 4. The evidence from the 
breeding history indicated that the deformity was conditioned by a 
recessive gene. 

Further evidence from experimental matings substantiated this but 
also showed that apparently modifying genes were at work as various 
degrees of the abnormality became noticeable. 

In typically severe cases, assumed to be homozygous, death ensued 
within 48 hours because of starvation as the lambs were unable to stand. 
Milder cases survived but were characterized by abnormal gait and stance. 
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STUDIES ON THE OPTIMUM NUTRITION OF 
FLUE-CURED TOBACCO^ 

E. T. McEvov'* 

Experimental Farms Service, Ottawa, Ontario 
[Received for publication January 25, 1945] 

While the nutrition of the tobacco plant has been studied extensively 
in sand and water culture, very little work has been done concerning the 
concentrations and relative proportions of all six major nutrient elements 
most favourable for the development of ^he plant. Therefore, a series 
of experiments was conducted at Ottawa to determine the optimum major- 
element requirements of Hue-cured tobacco in sand culture and the effect 
of the nutrient ions on the growth of the plant. 

A multiple-salt system of nutrient solutions was used. The solutions 
were devised from the triangle of Shive (2), using the system presented by 
Beckeiiback et al. (1). By this method, the relative concentrations of 
the cations and the anions are varied separately, providing a means of 
studying the physiological significance of the various ions. The cations 
are varied in multiples of a selected increment of the total concentration due 
to the cations, and the anions are varied similarly, the total number of 
increments for cations and anions per treatment remaining the same for 
each series of solutions. All nutrient solutions in each series are made up 
to approximately the same osmotic concentration. Likewise, the pH value 
varies very little throughout the series. Thus, these two factors, which 
are important in their influence upon the growth of the plant, are held 
constant, or nearly so, throughout the scries. 

A number of ionic proportions were selected and each of the cation 
proportions was combined with each of the anion proportions, making a series 
of nutrient solutions. These were arranged into a number of sub-series, 
in each of which the ratio of the cations was held constant but that of the 
anions was varied through the full range of proportions employed. A 
rearrangement of the same treatments gave additional sub-series, in each 
of which, conversely, the ratio of the anions was held constant but the 
cations were varied through the full range of proportions. 

All solutions throughout the experiments contained the minor elements 
boron, manganese, and zinc at a concentration of 0.5 p.p.m. and iron at a 
concentration of 3.0 p.p.m. 

Tobacco plants of the flue-cured variety White Mammoth were used 
in this experiment. The seedlings weie grown for 8 weeks in sand culture 
in 3-inch pots, and all were supplied with the same nutrient solution. Shive 
and Robbins* formula II (3) was used for the first series, but was replaced 
in subsequent series by solutions developed in this investigation which 
produced better growth. The seedlings were transplanted to 3-gallon 
glazed jars, holding 40 pounds of washed, ground Nepean sandstone. One 

1 Contribution from the Tobacco Division, Experimental Farms Service, Dominion Department of Agri¬ 
culture, Ottawa, Ontario. 

Agricultural Scientist. 
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plant was grown in each jar and the nutrient solution was supplied by the 
constant flow method from glass jars and capillary tubing, 1 litre per day 
being supplied to each plant. 

The plants were harvested when mature, 2 weeks after topping. The 
stalks were cut off at the crown, the total fresh weights were determined 
and the stalks and leaves were separated for the determination of green 
weights and dry weights. The fractions were thoroughly mixed and 
aliquots were weighted for the various determinations. The samples were 
dri^ at a temperature of 70 to 80® C. 

.An analysis of variance, based on the total fresh weight data of the 
plants, was performed for each series. While a summary of this work is 
not presented, the difference between any two fresh weight means necessary 
for significance at the 5% level is appended to each table. 

RESULTS 

Series I 

In the first series, the plants were growm in 16 different nutrient solu¬ 
tions used by Beckenbach et al (1), each solution being made up to a total 
osmotic concentration of 0.5 atmosphere. The following chemically pure 
salts were used to balance the ionic ratios: KH 2 PO 4 , CaH 4 (P 04 ) 2 , 
MgH 4 (P 04 ) 2 , KNO 3 , Ca(N 03 ) 2 , Mg(N 03 ) 2 , K 2 SO 4 , (^aS04, and MgS 04 . 
The 16 treatments were divided into 8 sub-.series. Sub-series 1 to 4 are 
characterized by fixed cation proportions and sub-series 5 to 8 are charac¬ 
terized by fixed anion proportions, each having variations in the relative 
proportions of the ions of opposite charge. 

The seedlings were planted on October 21, 1939, and the plants were 
harvested on January 2, 1940. Three replications of each treatment were 
used. 

The ionic proportions used and a summary of the results are presented 
in Table 1. The arrangement of treatments in sub-series 1 to 4 provides 
for a study of the influence on growth of the different anion proportions 
for each of the four fixed cation proportions. Considering the fresh weight 
yield in grams as the criterion of growth, greater growth was produced by 
treatments high in NO3 and low in PO4 and SO4 than by any other treat¬ 
ment for each of the four fixed cation proportions. The 3-4-3 anion ratio 
ranked second in each case; however, in sub-series 4, it was not significantly 
different from the 84-1 anion ratio. The differences between the high 
SO4 and the high PO4 treatments were not statistically significant, except 
in sub-series 4 in which high PO4 produced the greater yield. Over the 
range of anion variations employed, the greatest variation in yield was 
manifested when Ca Avas high, next greatest when the cation distribution 
was 3-4-3, and when Mg was high. 

In sub-series 5 to 8 of Table 1, the arrangement of treatments provides 
for a similar study of the data on the cation ratios. While the fresh weight 
yield associated with the cation ratio 3-4-3 ranked first in all cases, the 
increase in yield shown by this ratio over each of treatments 6 to 10 in 
sub-series 5, 16 in sub-series 6, and 5 in sub-series 7 was not statistically 
significant. When NO3 was high, high yield was associated with inter¬ 
mediate Ca and high Ca in that order; when PO4 was high, high yield was 
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Table 1. —Yield data for series I, arranged in sub-series 1-4 for comparison of 
ANION effect upon GROWTH AND IN SUB-SERIES S-8 FOR COMPARISON OF CATION 

effect UPON GROWTH 


Sub¬ 

series 

No. 

Treat¬ 

ment 

No. 

Cation 

proportions 

Anion 

proportions 

Mean 

fresli 

weiglit 

per 

plant 

Mean 
dry 
vv eight 
per 
plant 

Per cent dry 
weight 

Water per 
gram dry 
weight 

Ca 

Mg 

K 

NO? 

SO 4 

PO 4 

Per 

plant 

Stalks 

Leaves 

Stalks 

Leaves 










gm. 

gm. 

% 

or 

/O 

% 

gm. 

gm. 

1 

1 

3 

4 

3 

3 

4 

3 

128 

±4 2* 

10.2 

7.9 

7.2 

8.3 

12.9 

11.1 


2 

3 

4 

3 

1 

1 

8 

94 

± 5.2 

10.4 

11.0 

10.7 

11.2 

8.4 

8.0 


3 

3 

4 

3 

8 

1 

1 

181 

±23.3 

16.9 

9.4 

10.0 

9.1 

9.0 

10.0 


4 

3 

4 

3 

1 

8 

1 

95 

± 10.7 

8.6 

9.1 

8.8 

9.2 

9.0 

9.9 

2 

5 

8 

1 

1 

8 

, 

1 

179 

± 2.0 

20.7 

11.5 

11.0 

11.8 

8.1 

8 5 


6 

8 

1 

1 

3 

4 

3 

118 

± 7.0 

12.7 

10.7 

11.2 

10.5 

7.9 

8.5 


7 

8 

1 

1 

1 

8 

1 

72 

± 3.2 

8.4 

11.7 

11.8 

11.6 

7.5 

7.6 


8 

8 

1 

1 

1 

1 

8 

71 

± 3.0 

8.2 

11.7 

11.2 

11.9 

7.9 

7 4 

3 

9 

1 


8 

1 

1 

8 

74 

± 3.7 

7.2 

9.6 

11.8 

10.3 

11.1 

8.7 


10 

1 


8 

3 

4 

3 

122 

± 7 7 

12.2 

9.9 

12.0 

9.0 

7.3 

10.1 


11 

1 


8 

8 

1 

1 

143 

± 8.3 

12 6 

8.9 

10.7 

8.2 

8 3 

11.2 


12 

* 


8 

1 

8 

1 

77 

± 14.5 

8.6 

11.2 

11.7 

10.9 

7.5 

8 2 

4 

13 

1 

8 

1 

1 

8 

1 

69 

±10.5 

7.6 

11.1 

10.4 

9.8 

6.1 

9.'» 


14 

1 

8 

1 

3 

4 

3 

101 

± 16.0 

12 5 

12.4 

14.0 

9.4 

6,1 

9 71 


! 15 

1 

8 

1 

8 

1 

1 

109 

±15 2 

n 5 

11.5 

12 8 

11 0 

6.8 

8.1 


16 

1 

8 

1 

1 

1 

8 

86 

±53 

8 1 

9.1 

11.8 

8.2 

7.5 

11.2 

5 

1 

3 

4 

3 

3 

4 

3 

128 

t 4.2 

10.2 

7.9 j 

7 2 

8 3 

12.9 

11.1 


6 

8 

1 

1 

3 

4 

3 

118 

± 7.0 

12 7 

10.7 

11.2 

10.5 

7.9 

8 5 


10 

1 

1 

8 

3 

4 

3 

122 

i 7.7 

12.2 

9.9 

12 0 

9 0 

7.3 

10 1 


14 

1 

8 

1 

3 

4 

3 

101 

±16 0 

12.5 

12.4 

14 0 

9.4 

6 1 

9 7 

6 

2 

3 

4 

3 

1 

1 

8 

94 

±52 

10 1 

11 0 

10.7 

11 2 

8.4 

8 0 


8 

8 

1 

1 

1 


8 

71 

± 3.0 

8 2 

11 7 

11 2 

11 9 

7.9 

7 X 


9 


1 

8 

1 


8 

74 

± 3.7 

7 2 

9.6 

11 8 

10.3 

11 1 

8 7 


16 

I 

8 

1 

1 


8 

86 

±53 

8 1 

9 1 

11.8 

8.2 

7 5 

11.2 

7 

3 

3 

4 

3 

8 


1 

181 

±23.3 

16.9 

9 4 

; 10 0 

9.1 

9 0 

10.0 


5 

8 

1 

1 

8 

1 

1 

179 

± 2 0 

20.7 

11.5 

11.0 

11.8 

8 1 i 

i « 


11 

1 

1 

8 

8 

1 

I 

143 

4-8 3 

12.6 

8.9 

10.7 

8 2 

8 3 

11.2 


15 

1 

8 

1 

8 

1 

1 

109 

±. 15.2 

12 5 

11.5 

12 8 

11.0 

6.8 

8 1 

8 

4 

3 

4 

3 

1 

8 

1 

95 

±10 7 

8.6 

9.1 

8.8 

9.2 

9.0 

9 9 


7 

8 

1 

1 

1 

8 

1 

72 

± 3.2 

8.4 

11.7 

11 8 

.1 6 

7.5 

7.6 


12 

1 

1 

8 

1 

8 

I 

77 

± 14.5 

8 6 

1 11.2 

11.7 

10.9 

7.5 

8.2 


13 

1 

8 

1 

1 

8 

‘ 1 

69 

±10.5 

7.6 ! 

1 

11.1 

1 

10.4 

9.8 

6 1 

9 2 


• Difference between ineiins necessary tor sigiiitiv aiu e at the 5% level = 11 . S. 


associated with intermediate Mg and high Mg; and when SO 4 was high, 
high yield was associated with intermediate K and high K. However, in 
the last case the difference did not reach the level of significance. The 
1-8-1 cation ratio, in which Mg was at its maximum concentration, gave the 
lowest yield in each case, except sub-series 6 , and resulted in necrotic areas 
on the leaves, the severity of the disorder being reduced considerably 
when the anion distribution w^as high in PO4 and low^ in NO3 and SO4 . It 
is clearly indicated that higher concentrations of Ca and K than of Mg are 
required to produce good growth. Variations in the cation prop>ortions 
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resulted in greatest variation in yield when the anion ratio was high in 
NO3 and in least variation in yield when the NO3 concentration was low 
and that of either SO4 or PO4 was high. 

The dry weight data show that high nitrate in the nutrient solution 
resulted in a low percentage of dry weight in the leaf. In sub-series 1, 2, 
and 3, the number of grams of water per gram dry matter in the leaf tissue 
was greater when the solution was high in NO3 than when either PO4 or 
SO 4 was high. Only in sub-series 4 in which toxicity of Mg was manifested 
were the data at variance with the general results. 

Solutions with a high K concentration produced plants which were 
consistently higher in water content of the leaf fraction than did solutions 
with a high Ca concentration. In contrast, solutions high in Ca all pro¬ 
duced leaf tissue with a higher proportion of dry matter than did any other 
solution. Comparisons in the stalk fractions, however, were not consistent 
in this respect. Also, the data from high Mg were quite irregular and did 
not reveal any definite influence of this ion on the relative proportions of 
water and dry matter in the tissue. 

While only a small number of the possible solutions were tested in 
this series, sufficient information was obtained on the importance of the 
relative ionic concentrations to provide a bases for an extension of the work. 

Series II 

Using the same 9-salt system as in series I, 16 nutrient solutions were 
devised. Each ion was used at three concentrations, corresponding to 
multiples of the one-fourteenth increment of the total concentration. The 
amounts of Ca and NO3 were varied within narrow limits around the con¬ 
centrations of these ions which produced best growth in series I. Mg 
and SO4 were used at comparatively low concentrations since growth was 
depressed in series I when Mg was high and, in less degree, when the 
amount of SO4 was high as compared with PO4 (sub-series 4 ). K and PO4 
were used at intermediate levels. The ionic ratios used, as given in Table 2, 
resulted in an increase in the total supply of ions in each solution as com¬ 
pared to that in series I; therefore, the osmotic concentration of each solution 
was increased to 0.7 atmosphere. 

The seedlings were planted on March 1, 1940, and the plants were 
harvested on May 21, 1940, three replications of each treatment being 
used. 

The yield data for this series are summarized in Table 2., The arrange¬ 
ment of treatments in sub-series 1 to 4 allows for a study of the comparative 
effect of the anion proportions and in sub-series 5 to 8 for a similar study 
of the cations. It is evident that the 9-1-4 anion ratio gave a yield which 
was significantly hjgher than that of any other treatment in sub-series 1 and 
3, but was not significantly different from those of the 8-2-4 ratio in sub¬ 
series 2 and the 8-2-4 and 8-4-2 ratios ift sub-series 4. The 6-3-5 ratio 
ranked last in each case, the difference between high and low nitrate being 
highly significant at all four cation proportions. The 8-2-4 anion ratio 
ranked higher than the 8-4-2 ratio in sub-series 1 and 2, while no.significance 
can be assigned to the differences between these two treatments in the 
other cases. Such comparispns show that high NO3 is associated with 
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high green weight; but, when used as 9 parts of the total anion concentra¬ 
tion, the supply of this ion is sometimes in excess of that required for 
maximum growth (sub-series 2 and 4). However, this level of NO 3 is not 
above the optimum concentration as it did not reduce yield significantly 
in any instance. PO4 is required at a higher level than is SO4, a supply 
of 1 or 2 relative parts of the latter being adequate for good growth. It is 
not evident whether the decrease in yield when the amount of SO4 was 
increased from 2 to 4 relative parts (sub-series 1 and 2), was caused by 


Table 2.—Yifxd data for serifs II, arranged in sub-series 1-4 for comparison of 
ANION effect upon GROWTH AND IN SUB-SERIES 5 8 FOR COMPARISON OF CATION 
effect UPON GROWTH 


Sub. 

series 

No. 

Treat¬ 

ment 

No. 

Cation 

proportions 

Anion 

proportions 

Mean 

fresh 

weight 

per 

plant 

1 

Mean 

dry 

, weight 
per 
plant 

Per cent 
weight 

dry 

Water per 
gram dry 
weight 

Ca 

Mg 

K 

NO. 

SOi 

PO 4 

Per 

plant 

Stalks 

I^ave.s 

Stalks 

Leaves 










gm. 

gm. 

Vo 

% 

% 1 

gm. 

gm. 

1 

1 

6 

3 

5 

6 

3 

5 

765 

-»-32.5* 

109.1 

14.4 

14.1 

14.6 

6.1 

5.9 


2 

6 

3 

5 

8 

4 

2 

772 

±17.8 

102.0 

13.2 

14.6 

12.0 1 

5.9 

7.3 


3 

6 

3 

5 

8 

2 

4 

862 

±31.6 

103.8 

12.0 

14.1 

11.1 1 

6.1 

8.0 


4 

6 

3 

5 

9 


4 

916 

± 7.5 

101 4 

11.1 

13.0 

10.1 

6.7 

8.9 

2 

5 

8 

4 

2 

8 

4 

2 

865 

±36.6 

109.9 

12.7 

13.7 

14.6 

6.3 

5.8 


6 

8 

4 

2 

8 

2 

4 

908 

±33.9 

133 0 

14.6 

14.5 

14.7 

5.9 

5.8 


7 

8 

4 

2 

9 

1 

4 

918 

±23.0 

1 ±U 6 

14.6 

14.5 

14.6 

5.9 

5.9 


8 

8 

4 

2 

6 1 

3 

5 

823 

±31.5 

123.1 

15 0 

14.9 

15.0 

5.7 

5.7 

3 

0 

8 

2 

4 

8 

2 

4 

920 

±40.7 

118 0 

12.8 

13.9 

12.2 

6.2 

7.2 


10 

8 

2 

4 

8 

4 

2 

877 

±22.7 

124.9 

14.2 

13.2 

14.9 

6.6 

5.7 


11 

8 

2 

4 

9 

1 

4 

1001 

± 2.1 

134.9 

13.5 

13.3 

13.5 

6.5 

6.4 


12 

8 

2 

4 

6 

3 

5 

855 

± 4.6 

117.9 

13 8 

14.1 

13.6 

5.1 

1 5.4 

4 

13 

9 

1 

4 

9 

1 

4 

807 

± 8.2 

131.7 

14.5 

13.8 

14.9 

6.3 

5.8 


14 

9 

1 

4 

8 

2 

A 

912 

± 9.7 

147..S 

16.2 

15.4 

16.4 

5.5 

5.1 


15 

9 

1 

4 

8 

4 

2 

928 

±23.9 

134 9 

14.5 

14.6 

14.5 

5.9 

5.9 


16 

9 

1 

4 

6 

3 

5 

800 

±23.9 

130.4 

16.3 

15.3 

17.1 

1 5.5 

4‘» 

5 

1 

6 

3 

5 

6 

3 

5 

765 

±32 5 

KH) 1 

14.4 

14.1 

14.6 

6.1 

5.9 


8 

s 

4 

2 

6 

3 

5 

823 

±31.5 

123.1 

15.0 

14.9 

15.0 

5.7 

5.7 


12 

8 

2 

4 

6 

3 

5 

855 

±46 

117.9 

13.8 

14.1 

6 

5.1 

5.4 


16 

9 

1 

4 

6 

3 

5 

800 

±23.9 

130.4 

16.3 

15.3 

1 . 1 

5.5 

4.9 

(t 

2 

6 

3 

5 

8 

4 

2 

"22 

±17.8 

102.0 

13.2 

14.6 

12.0 

5.0 

7.3 


5 

8 

4 

2 

8 

4 

2 

865 

±36.6 

109.9 

12.7 

13.7 

14.6 

6.3 

5.8 


10 

8 

2 

4 

8 

4 

2 

877 

n 22 7 

124.9 

14.2 

13.2 

14.9 

6.6 

5.7 


15 

9 


4 

8 

4 

2 

9^s 

^23.9 

134.9 

14.5 

14.6 

14.5 

5.9 

5.9 

7 

3 

6 

3 

5 

8 

2 

4 

862 

±31.6 

103.8 

12.0 

14.1 

11.1 

6.1 

8 0 


6 

8 

4 

2 

8 

2 

4 

908 

±33.9 

133.0 

14.6 

14.5 

14.7 

5.9 

5.8 


9 

8 

2 

4 

8 

2 

4 

920 

±40.7 

118.0 

12.8 

13.9 

12.2 

6.2 

7.2 


14 

9 

1 

4 

8 

2 

4 

912 

± 9.7 

147.5 

16.2 

15.4 

16.4 

5 5 

5.1 

8 

4 

6 

3 

5 

9 

1 

4 

916 

± 7.5 

101.4 

11.1 

13.0 

10 1 

6.7 

8.9 


7 

8 

4 

2 

9 

1 

4 

918 

±23 0 

133.6 

14.6 

14.5 

14.6 

5.9 

5.9 


11 

8 

2 

4 

9 

1 

4 

loot 

± 2.1 

134.9 

13.5 

13 3 

13.6 

6.5 

6.4 

- 

13 

9 

1 

4 

9 

1 

4 

907 

± 8.2 

131.7 

14.5 

13.8 

14.9 

6.3 

5.8 


• Difference between means necessary for significance at the 5% level — 45.7 
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the increase in SO4 or the decrease in PO4 since, in accordance with the 
design of the experiment, as the concentration of SO4 is increased the con¬ 
centration of PO4 is proportionately decreased. On the other hand, definite 
evidence that SO4 was not toxic when used at its maximum value in this 
series is presented in sub-series 3 and 4. Here, the difference in yield 
between the anion ratios 8-2-4 and 8-4-2 was not statistically significant 
in either case. Thus, it is evident that the plant has a wide range of toler¬ 
ance of SO4 , and a supply of this ion in the substrate ranging from 1 to 4 
relTtive parts is favourable to growth. 

A study of the data on the cations reveals that no individual cation 
ratio shows definite superiority throughout the series. However, it is 
evident that the yield produced by the 6-3-S cation distribution was signi¬ 
ficantly lower than that of any other treatment in all sub-series except 8. 
In each sub-series, the highest yield was produced when 8 or 9 parts of the 
total cation concentration were supplies as Ca and 1 or 2 parts as Mg; 
however, it is not conclusive that the latter ion was toxic at any concen¬ 
tration used in this series. It is indicated that K is required at a relatively 
high concentration as yet not determined precisely. 

As in Series I, high NO3 and high K supply were each associated with 
high moisture content in the leaf tissue and high Ca supply was associated 
with high dry weight in the leaf tissue. 

These data show that optimal growth can be produced when 1 to 4 parts 
of the anion concentration are supplied as SO4 and 1 to 2 parts of the cation 
concentration as Mg. However, the most favourable concentration of 
each of these ions seems to be 2 parts since this amount is well above the 
deficiency level and any increase in the amount of either ion would neces¬ 
sitate a corresponding decrease in the amount of another ion of similar 
charge. The need of further investigation to establish the most favourable 
concentration of each of the other nutrient ions is indicated. 

Series III 

In this series, the total osmotic concentration of each nutrient solution 
was increased to 0.75 atmosphere. The ionic concentrations were adjusted 
in increments corresponding to multiples of the one-fifteenth increment 
of the total concentration of the anions and the cations respectively. The 
concentration of each of Mg and SO 4 was held constant at the 2-part level 
throughout the experiment and each of the other four major ions was used 
at the following levels: 6.5, and 8 parts. Nine solutions were devised 
as shown in Table 3, the ionic proportions employed being such that 
they could be made from 5 salts, namely KH2PO4, Ca(N03)2 » MgS04, 
CaH 4 (P 04 ) 2 , and KNO 3 . Six replications of each treatment were used. 
The seedlings were planted on October 2, 1940, and the plants were 
harvested on^nuary 14, 1941. 

The results of this series are given in Table 3. The data on the anions 
(sub-series 1 to 3) show that the yield produced by the treatment high in 
NO3 was significantly higher than that of any other treatment at all cation 
proportions. No significance can be ascribed to the differences in yield 
between the other anion proportions except in sub-series 3 in which the 
6.5-2-6.5 ratio ranked s^ond. These results affirm the previous finding 



Table 3.—Yield data for series III, arranged in sub-series 1-3 for comparison of anion effect upon growth and in sub-series 4-6 for 
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that NO3 is required at a high concentration and indicate that an amount 
of PO4 higher than 5 relative parts of the anion concentration is in excess 
of the requirement of the plant for maximum growth. 

The differences in yield associated with variations in the cation propor¬ 
tions (sub-series 4 to 6 ) are not significant at any of the three anion propor¬ 
tions. This shows that the variations in the cation proportions employed 
in this series do not result in a significant variation in the yield provided the 
positively charged ions are at an optimum level. Therefore, a concentration 
of 5 to 8 parts of each of Ca and K is adequate for best growth. 

The variations in ionic concentrations in this series were not sufficiently 
great to provide a basis for the study of the influence of each ion on the dry 
weight percentage of the tissue. 

GENERAL DISCUSSION 

It is evident that NO3 is the anion which has the greatest influence 
over growth under the conditions of these experiments and that this influence 
is correlated with the relative cation levels. An increase in the mean fresh 
weight deviation indicates an increase in the importance of the cation ratio. 
In series I, the mean fresh weight deviation in sub-series 5, 6 , and 7 was 8 , 
8.8 and 27.2 grams respectively. A comparison of these results shows 
that the efficient utilization by the plant of high NO3 supply is greatly 
influenced by the relative cation supply. Thus, at low NO3 levels (sub¬ 
series S and 6 ) the influence of variations in the cation distribution was 
slight and the yield was affected very little; but, at the highest NO3 level 
(sub-series 7), the effectiveness of this ion in producing high yield was con¬ 
ditioned to a greater degree by the relative cation concentrations. Becken- 
back et aL ( 1 ) reported similarly for corn. 

The PO4 ranks second in importance among the anions and the SO4 
third. There was no indication of a deficiency of SO4 at the lowest level 
and the evidence is not conclusive that this ion was toxic at any of the 
concentrations tested. * The depression of growth in series II when SO4 
was used at a higher concentration than that of PO4 may be attributable 
to a decrease in the supply of PO4 , rather than to toxicity of SO4 since 
evidence of toxicity of the latter when used at the higher levels in series I 
was lacking in all cases except sub-series 4. Therefore, the optimum range 
of SO4 is quite wide. 

Of the cations, it is shown that the solution required for maximum 
growth contains 5 to 8 relative parts of each of Ca anc^ K, the combined 
concentration of these two ions being 13 parts out of a total of IS relative 
parts of the cation concentration. The remaining 2 parts are supplied as 
Mg. The maximum concentration of Mg in conjunction with low Ca and K 
resulted in a reduction in yield and in the appearance of necrotic areas on 
the leaves. Tnis necrosis was r^uced in severity when the anion ratio 
was high in PO4 and low in NOs and SO 4 . 

An examination of the data leads to the conclusion that no exact 
ionic ratio is essential for optimum nutrition. The plant’s power of adapta¬ 
tion seems to enable it to respond favourably to considerable variations in 
the concentrations of nutrient ions. Good growth was produced over a 
wide range of ionic ratios^ provided the total supply of essential elements 
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was adequate. It is clearly indicated that, while there is no specific 
requirement of each ion for optimum nutrition, there is a definite ranj^e of 
concentrations of each ion for optimum requirements. 

Based on the results of these inve.stigations, the concentration range 
of each of the 6 major nutrient ions for optimum nutrition of White Mam¬ 
moth is given in Section A of Table 4 in terms of the relative parts of the 
concentration of the ions as used in this work. The data in Section B of 
Table 4 give the concentration of the nutrient element contained in each 
ion per million parts of the nutrient solution at the ionic levels given in 
Section A. 


Table 4 


A—The concentration range ok the six 
MAJOR nutrient IONS FOR OPTIMUM 
NUTRITION OF WlIITE MaMMOTH 


H —The concentration in p p.m. of the 

NUTRIENT ELEMEN'l CONTAINED IN EACH 
MAJOR ION AT THE IONIC LEVELS GIVEN IN 

Table 4a 


Nutrient 

ion 

Relative parts of 
concentration of 
ions 

Nutrient 

element 

P.p.m. of 
nutrient 
element 

Ca 

5-8 

C'a 

150 - 240 

Mr 

1 - 2 

Mr 

34 - 68 

K 

5-8 

K 

200 - 320 

NOi 

8-9 

N 

168 - 189 

SO4 

1 - 4 

S 

45 - 180 

PO4 

4-5 

P 

124 - 155 


Further physiological effects of the inidvidual ions are revealed by the 
dry weight data. It is shown that the concentration of NOa in the nutrient 
medium is the primary factor in determining the proportion of dry weight. 
An increase in the NO3 supply results in an increase in the proportion of 
water in the leaf tissue, w hile the relative proportions of SO4 and PO4 do 
not seem to have any definite influence on the moisture content of the tissue. 
Of the cations, a high level of K in the nutrient solution produced plants 
with a relatively high percentage of water in the leaf tissue, while a high 
level of Ca in the solution resulted in a high percentage of dry matter in 
this tissue. 

SUMMARY 

A study was made of the effect of the six major nutilent ions on the 
growth of flue-cured tobacco in artifichd culture and an optimum nutrient 
solution w^as developed for the variety White Alammoth. It was shown 
that no exact ionic ratio in the nutrient medium is required for maximum 
growth, but the optimum concentration range of each nutrient ion was 
determined. 

The highest correlation between the nutrient supply and the growth 
of the plant was observed for NO3 betw^een the limits of one and nine, out 
of a total of 15 relative parts of the anion concentration. NO3 was followed 
in order of influence of the anions on growth by PO4 and SO4 . The plant 
manifested a wide rang^ of tolerance of SO4. 
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At increasingly high concentrations of NO3 in the nutrient solution, 
the effectiveness of this ion in producing high yield was conditioned in 
increasing degree by the relative proportions of Ca, Mg, and K in the 
nutrient solution. At high NO3 levels, greatest growth was produced when 
Ca and K were each supplied at a concentration of 5 to 8 parts out of a 
total of 15 relative parts of the cation concentration, the combined con¬ 
centration of the two ions being 13 parts. The remaining 2 parts were 
supplied as Mg. 

An increase in the nutrient supply of each of NO3 and K was associated 
with an increase in the percentage of water in the leaf tissue while an increase 
in the supply of Ca was associated with an increase in the percentage of 
dry material in the leaf tissue. No relationship was observed between 
the supply of PO4 , SO4 , and Mg and the relative proportions of water 
and dry matter in the tissue. 
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A NOTE ON THE PRODUCTION OF VITAMIN C BY 
SPROUTING SEEDSi 

L. P. V. JoHNsoN^ G. A. Young,* and J. B. Marshall* 

National Research Laboratories, Ottawa 

The antiscorbutic value of germinated seeds has been known since 
the time of Captain (\)ok, and was investigated in Norway prior to the 
last war (5). After the Mesopotamian campaign of 1915-16 British 
workers directed attention to the possibility of utilizing this property 
as a source of accessory dietary factors for troops separated from supplies 
of fresh food and for the relief of famine stricken areas (1). Advances 
since 1918 in the knowledge of the chemistry of vitamins have made it 
possible to investigate more comprehensively methods for the production 
and preparation of an antiscorbutic material from sprouted seeds. In 
this note the results are given of a survey to determine the suitability, 
for this purpose, of seeds readily available in Canada, as well as some others 
less commonly known. 

Legumes have been considered more prolific producers of ascorbic acid 
than cereals (5) and there is evidence of physiological differences between 
crop varieties as well. Bonner and Bonner (3) showed that pea varieties 
could be grouped according to their response to the presence of ascorbic 
acid in the media in which excised embryos were cultured. This response 
was related inversely to the concentration of ascorbic acid initially present 
in the embryos. The presence of ascorbic acid in actively growing tissues, 
i.e. hypocotyl, and later in chlorophyll bearing tissues has been demon¬ 
strated by Reid (4). 

MATERIALS 

The material examined included varieties of the following crops: 
common and garden peas, Pisum sativum; common bean, Phaseoliis vulgaris; 
green gram bean\ P, aureus; lima bean, P. lunalus; English broad bean, 
Vida fabia: soy bean, Glydne soja; spring wheat, Triticiim sativum; hull¬ 
less oats, Avena nuda;Qorx\, Z.ea mays, v. saccharata ; okra. Hibiscus esciilentus, 
A complete list including variety names is given in Table 1. The seed 
used in each case was of good quality, having been graded previously for 
seed purposes. This initial quality is of importance as sound viable seed 
gives some assurance of optimum performance in the sprouting tests. 
Broken and disease infected seeds tend to decompOL'. readily and this 
may render the odour of an entire batch of seed offensive. 

METHODS 

IVeliminary tests of the above material were made by germinating the 
seeds in petri dishes at 22.2° C. (72° F.) after soaking for 24 houis in tap 

* Contribution from the l^ivision of Applied Biology. National Research Laboratories. Issued as Paper 
No. 1247. 

Work carried out for the .Assen iate Committee on Army Medical Research, National Research Council 
Ottawa, and the Research Division, D.C.M.S., National Defence Headquarters. Ottawa. 

2 Biologist. 

’Laboratory Steward. 

* This species is closely related to the mung or black gram bean, Pkasenlui tuunno (2), 
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Table 1. Varieties used in preliminary tests of ascorbic acid production 


Common pea, Pisum sativum 
Field varieties 
Arthur 
Chancellor 
Dashaway 

Early Blue (Ottawa No. 21) 
Early Britain 
Golden Vine (1)* 

Mackay (Ottawa No. 25) (1) 
New Canadian Beauty 
Potter 

Prussian Blue (1) 

Garden varieties 
Dwarf Gray Sugar 
Little Marvel 
Prince of Wales (I) 

Thomas Laxton 

Soy bean. Glycine soja 
Blackeyc (1) (2) 

Mandarin 

Okra^ Hibiscus esciilentus 
VVhite V^clvet (3) 


Common bean, Phaseolus vulgaris 
Common white (1) 

Marrow fat (1) 

Red Kidney (1) 

Lima Bean, P. lunatus 
Burpee Bush Lima (1) 
Henderson Bush Lima (1) 

Green Gram bean, P. aureus 
Chinese Salad 

English Broad bean, Viciafahia 
Broad Windsor 

Spring wheat, Triticum sativum 
Marquis 
Regent (2) 

• Thatcher (2) 

IlulCless oats, Arena nuda 
Laurel 

I Corn (maize), Zen mays v. saccharata 
Golden Bantam 


• Reasons for elimination from further tCv-its: 

(1) vSoured durinj? germination. 

(2) Low vitamin C production 

(3) Poor germination. 


water. Ascorbic acid determinations were made at daily intervals, com¬ 
mencing when the sprouts first appeared and continuing until the assay 

values began to decline. A numljer of varieties were eliminated on this 
basis. 


nrx tnaterial thus selected was tested at three temperatures, 15.6° 
22.2 , and 28.9° C. (60°, 72°, and 84° F.) and by two methods of germ¬ 
ination. In one, the seeds were soaked in trays for 24 hours, drained, 
spread to a depth of j inch and flushed with water at the temperature 
required. The other method was similar to that recommended for use 
by the Australian Forces (6); seed was placed in loose cheese cloth bags 
soakra 24 hours and thereafter dipped 4 times daily in water held at the 
germination. temperatures. 


Vitamin C assays were made on samples of the entire'sprouted material • 
XNo attempt was made to separate the sprouts from the seeds and seed 
c^ts. Reduced ascorbic acid was determined by the dye titration method, 
n/ ^^^^P^^^oric acid being used to extract the material in a Waring, 
DUndor. M(^ure determinations were made on the material as well 
m order to allow for the diluting effect of the tissue water. The results 
are expressed as mg. ascorbic acid per 100 gm. of sprouted material. 


RESULTS 

In the preliminary tests 14 of the 31 varieties listed in Table 1 were 
eliminated for various reasons. A number of the pea and bean varieties 
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showed a pronounced tendency to become sour and offensive when germin¬ 
ated in this manner. Two of the wheat varieties were dropped because 
of low vitamin C production, and tests of okra were discontinued because 
of poor germination of the seed used. 

For convenience and expediency the bag method of germination was 
used for most of the tests, and the data presented are based on this method. 
The two methods did not differ appreciably. (Considerable care was 
required with the trays that were used, to avoid souring as a result of 
impeded drainage and lack of aeration. Trays with perforated bottoms 
would have been much more .satisfactory. 

Data showing the effects of temperature on vitamin C production 
and the condition of the sprouted mrterial are given in Table 2. Rapid 
souring or spoilage of all the material except the Chinese Salad bean resulted 
at 28.9° C. Of the other temperatures the lower (15.6° C.) was more 
favourable for the legumes and the higher (22.2° C.) for the cereals. 


Tahle 2.—Effect of temper.vture on the vitamin C production and growth of 

SEEDS OK SELECTED VARIETIES GERMINATED IN RAGS 


Crop 

Variety 

Temp. 

®C. 

No. dav 
for 

maximum 

produetioiij 

1 

•Growth 

Condition 

of 

material 

[ 

1 

Mg./lOO gm. 1 
of material ] 

Per¬ 

centage 

moist¬ 

ure 

1 

i 

Wet 

Dry 

Bean 

(-’orn 

Oats 

Pea 

Wheat 

Chinese Salad 
English Broad 
Windsor 
Mandarin Soy 
Golden Bantani 
Laurel 

Arthur 

Marquis 

15.6 

3 

7 

4 

7 

6 

.S 

5 

Good 

V'^ery good 

Fair 

Good 

V'ery good 
Very good 
Very good 

Frc'^h 

Slightly sour 

Flesh 

Sour 

Fresh 

Fresh 

FI esh 

2^ 

33 

4 

7 

5 

17 

4 

89 

122 

13 

20 

30 

61 

16 

74 

73 

68 

63 

75 

67 

75 

Bean 

Chinese Salad 

22.2 

1 ^ 

Very good 

Fresh 

21 

65 

68 


English Broad 


4 

Good 

Sour 

23 

/3 

69 


Windsor 









Mandarin Soy 


3 

Poor 

.Sour 

2 

3 

32 

Corn 

Golden Bantam 


4 

Very good 

Fresh 

10 

30 

65 

Oats 

Laurel 


6 

Very good 

Slightly sour 

11 

19 

43 

Pea 

Arthur 


3 

Fair 

Fresh 

3 

7 

64 

Wheat 

Marqui.s 


4 

Very good 


5 

13 

65 

Bean 

Chinese Salad 

2S.9 

2 

Fair 

Fresh 

1 18 

64 

73 


English Broad 


2 

Poor 

Soul 

— 


— 


Windsor 









Mandarin Soy 



Poor 

Sour 

- 

— 

— 

Corn 

Golden Bantam 



Poor 

S,v,r 


— 

— 

Oats 

Laurel 


2 

Pl>Ol 

Sour 

1 

1 

43 

Pea 

Arthur 


2 

Poor 

Soul 

— 

— 

— 

Wheat 

Marquis 


2 1 

Fair 

Slightly sour 

1 

2 

47 


* Growth poor, less than 50% germination; lair, less tlian 75% germination; good, less than 95% germin¬ 
ation; very good, 95 to 100% germination. 


A comparison of 12 varieties of peas sprouted in bags at 15.6° C. is 
given in Table 3. Early Blue (Ottaw^a No. 21), O.A.C. No. 181 and Arthur 
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Table 3.— Vitamin C production and growth in field and garden peas, sprouted 

IN BAGS at 15.6° C. 


Variety 

No. days for 
maximum 
production 

Growth 

Me./lOO |;m. 
of material 
wet basis 

Arthur 

5 

Good 

17 

Chancellor 

4 

Poor 

8 

Dwarf Grey Sugar 

4 

Fair 

11 

Dashaway 

4 

Fair 

12 

Early Blue, Ottawa No, 21 

5 

Good 

20 

Early Britain 

4 

Fair 

11 

Little Marvel 

4 

Fair 

14 

New Canadian Beautv 

4 

Poor 

10 

O.A.C. No. 181 

5 

Good 

18 

Potter 

4 

Good 

13 

Thomas Laxton 

4 

Good 

10 

White Wonder 

4 

Fair 

9 


took 5 days to reach their maximum vitamin C production (17 to 20 mg. 
per 100 g.), while the other varieties began to decline at 4 days, after having 
reached a maximum of 8 to 14 mg. per 100 g. 

In Figure 1 the daily increases in the ascorbic acid content of 100 gm. 
of sprouting material are shown for selected seeds, germinated in bags 
at 15.6® C. The Chinese Salad bean reached a maximum in 3 days while 
the Broad Windsor bean took 7 days and the Early Blue pea 5 days. 
Mandarin soy bean and Laurel oats did not approach the level of the 
others but were included for comparison. 

CONCLUSIONS 

Of the seeds tested in the present investigation, the Chinese Salad 
bean appeared to have the greatest range of adaptability combined with 
rapid production of vitamin C. However it is not available in sufficient 
quantities to warrant its recommendation for use on a large scale. The 
field pea varieties. Early Blue (Ottawa No. 21), O.A.C. No. 181, and Arthur 
produced appreciable amounts of antiscorbutic in 5 days and are readily 
available. The English Windsor broad bean is in less favourable supply 
but showed considerable merit with respect to vitamin C production, 
particularly at the lowest temperature. 

The method of germination to be employed will Ije determined by 
circumstances and should be investigated in greater detail. Experience 
gained from the present experiments indicated the desirability of tem¬ 
peratures between 15 and 22® C. (60® and 72® F.) and of importance of 
drainage and a||ation for the germinating material. 
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CHINESE SALAD BEAN □ 

ENGLISH BROAD WINDSOR BEAN O 

EARLY BLUE, OTTAWA NQ 21 PEA ■ 

MANDARIN SOY BEAN A 

LAUREL OATS • 

Figure 1.—Vitamin C production of selected seeds at 15.OX. (,60X'.) 
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LEGUME AND CEREAL SPROUTS AS A DIETARY 
SUBSTITUTE FOR FRESH VEGETABLES^ 

W. A. AndreAE^ Edith A. Chalmers*, and W. D. McFarlane* 

Macdonald College, (McGill University) Quebec 
[Received for publication February 2. 1945) 

Cereal and legume sprouts have been used as food for many centuries 
in the Orient, and records also exist which show that the early explorers 
cured or prevented scurvy by eating sprouted peas and beans when fresh 
vegetables were not available. Soybean sprouts have recently received 
much publicity in the United States as the result of investigations by 
Professor C. M. McCay of Cornell University. 

Dry seeds, in general, are devoid of ascorbic acid, but the seedlings 
contain a considerable amount. Burkholder (1) reports an appreciable 
increase in riboflavin and other members of the vitamin B-complex during 
the growth of corn, wheat, oats and barley seedlings. Sprouts have a 
flavour and nutritive value which approximates that of fresh vegetables 
and in addition, possess several advantages in that the seeds can be 
sprouted, ready for use in less than 10 days and their cultivation is not 
limited by season, climate, sunlight or soil. The only requirements are a 
fairly constant room temperature of about 70° F. and a good water supply. 

It might be possible to supply a significant part of the daily require¬ 
ments for ascorbic acid and vitamin B-complex by the use of sprouts in 
the diet and hence contribute to the solution of nutritional problems arising 
out of the difficulty in transporting fresh vegetables to troops in isolated 
areas and to the population of countries released from enemy occupation. 
Fresh vegetables are perishable and bulky and require rapid transportation 
and adequate storage facilities, whereas dry seeds may be shipped to the 
desired location and sprouted at their destination. 

The primary aims of the investigations recorded below were (a) to 
devise simple and inexpensive methods for producing sprouts in bulk, 
even under adverse conditions; (b) determine the best time to harvest for 
highest vitamin content commensurate with palatability; and (c) prepare 
appetizing dishes containing sprouts. 


MATERIALS AND METHODS 
Sprouting ' 

Good sprouts can only be obtained from good seed; broken seeds 
must be eliminated as they will constitute a centre for infection. Disin¬ 
fectants, sucjuas bleaching powder, at the low concentration of 1 tablespoon 
to 4 gallons m water, will destroy surface bacteria without harming the 
seed but will not prevent all bacterial growth; equally effective results 
were obtained with an abundance of fresh water. The sprouting was 

1 Macdonald College Journal Series No. 198. 

* Graduate Research Assistants. Department of Chemistry, Faculty of Agriculture. 
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carried out in a basement room with two small windows, a well-drained 
cement floor, and a j^ood water supply. There was no provision for control 
of the room temperature which fluctuated from 66 to 73° F. 

The seeds were soaked for 24 hours and held at a high humidity and 
a temperature of about 22° (". The most suitable container was found to 
be a 6-gallon lard tub with small holes in the bottom for drainage. The 
tub was half-filled with soaked seeds and covered with a lid to exclude 
light and to maintain a high humidity inside. The tub was filled twice 
daily with water and the seeds stirred by hand to break up the sprouting 
mass. The water drained through the holes in the bottom, leaving the 
sprouts moistened, washed and cooled. For smaller quantities, wide¬ 
mouthed fruit jars were used. The soaked seeds were placed in the jar 
and a piece of cheese-cloth was tied over the opening. The jar was filled 
with water twice daily, inverted to drain and allowed to remain in this 
position until the next watering. 

These methods were not suitable* for the cultivation of green shoots. 
In this cavSe the soaked seeds were spread thinly on Hat wire-screen trays, 
14" X 22", supported at each corner by wooden legs, 7" high. These 
trays (Figure 1) are light and easy to handle and can be stacked to facilitate 



Figure 1. Tray method of cultivating green shoot>. 


watering and utilize space. A layer of wood shavings on the screen increased 
the moisture retention and facilitated the cleaning of the trays after the 
shoots had been cut. 
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A portable container suitable for sprouting all types of seeds was made 
from a piece of coarse jute 40" X 36" (Figure 2). The bottom of this bag 
measured 15" X 19" and the sides were 6" high. Four sticks, less than 1" 
in diameter, were pushed through the open hems around the bottom, giving 
the bag considerable rigidity. Each corner was provided with a sling by 



2. Portable container for sprouting all types of seeds 

which the bag could be suspended by two poles or hooked to some con¬ 
venient device. The bag was rendered rot proof by first immersing it in 
a 2% copper sulphate solution, then in 5% sodium carbonate solution 
and finally rinsing well with water. Rot proofing had no detrimental 
eflFect on the sprouting. 
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The seeds used were selected on the basis of (a) availability in Canada, 
(b) ease of sprouting, (c) nutritive value of the sprouts and (d ) palatability 
of the cooked product. 

Cooking 

The authors considered as valuable any sprouts which w^^re palatable 
and would serve to break the monotony of a diet depleted in fresh vege¬ 
tables. However, such a diet is also likely to be low in vitamin C so the 
authors preferred to utilize sprouts of a high ascorbic acid content. Meals 
which included sprouts were prepared and served in the Macdonald College 
dining room. The final judgments of the palatability of the cooked food 
were obtained from C.VV.A.C. personnel and College students, through the 
medium of a questionnaire. 

The simplest cooking methods were employed. In boiling, the water 
was always brought to the boiling point, the sprouted seeds added, the 
container covered tightly and its contents brought back to boiling tem¬ 
perature as rapidly as possible. A minimum amount of w^ater was used, 
but in cooking sprouted broad-beans they had to be almost covered with 
water to provide uniform cooking throughout. To preserve vitamin C 
emphasis was placed on preparing dishes which did not entail loss in the 
cooking water, e.g., soup, stew, baked dishes and fried dishes. The cooking 
water was saved for use in soup stocks, gravies or sauces. 

Ch.mical Analysis 
A, Ascorbic Acid 

The determination of reduced a.scorbic acid was carried out as follows: 

Two 10-g. samples were ground with acid-washed sand and 25 ml. of normal- 
sulfuric acid containing 2% metaphosphoric acid. The extracts were centrifuged 
and washed three times with 20-ml. portions of the acid mixture. The combined 
extracts were made up to 100 ml. and aliquots were titrated against a standard 
solution of 2-6 dichloroi)henol indophenol, as outlined by Burrell and Ebright (2). 
To analyze bean sprouts duplicate 25-g. samples were weighed out and transferred 
to a Waring Blendor with 100 ml. of the acid and reduced to a pulp within 8 
minutes. The extracts were then treated as described above but the centrifugate 
and washings were made up to 200 ml. This method permitted the use of larger 
and more representative samples as each seedling weighed about 5 g. 

When turbid or coloured extracts were encountered, making it difficult to 
detect the end point, 10 ml. of chloroform were well mixed with an aliquot of the 
extract and the titration completed, according to McHenry and Graham (v3). 
On centrifuging, two lay ers were iormed and the end point could be determined 
in the chloroform lay er. 

Total ascorbic acid determinations (reduced plus dehydroascorbic 
acid) were made on some of the samples, especially cooked products, em¬ 
ploying H 2 S reduction. The common procedure is to bubble H 2 S through 
the extract for 15 min. and remove the H 2 S with a stream of carbon dioxide 
or nitrogen. At least 2 hours are required to remove the H 2 S, and frequently 
traces remain which reduce the indophenol dye and give results which are 
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too high. To completely remove the H 2 S in a shorter time Fellenberg (4) 
heated the extract and Harris and Olliver (5) put the extract under reduced 
pressure. The authors found the following procedure, using the apparatus 
illustrated in Figure 3 to be most satisfactory. 



Figure 3. Apparatus for H 2 S reduction of dehydroascorbic acid, 

A 50-ml. aliquot of the extract, adjusted to pH 3.0, was transferred to a 
125-ml. Erlenmeyer flask (D) fitted with a two-hole stopper, an aeration tube 
with head close to the stopper, and a glass tube extending to the bottom of the 
flask. The flask was inverted in a water bath (E) at 55° C., and the H 2 S entered 
through the aeration tube and escaped at the top by the long glass tube. This 
device ensured complete saturation of the solution with H 2 S and prevented loss 
due to foaming. The reduction of dehydroascorbic acid was complete in 15 min. 
and the extract was then adjusted to pH 2.0 with 50% H 2 SO 4 . The flask was 
replaced in the water bath and connected to a large bottle (A). CO 2 was admit¬ 
ted into A which was filled with water and the gas displaced the water into the 
elevated bottle (B). A pinch-cock (C) controlled the gas flow to D and the 
whole system ^^as put under a reduced pressure of 100 mm. Hg. by applying 
suction to flask (F). In this apparatus the extract was freed from H 2 S in 15 
minutes at 55° C. 

It is well known that the indophenol method is affected by the presence 
of other rediiffifig substances in the extracts. Roe’s colorimetric method 
(6, 7) employing 2,4 dinitrophenylhydrazine is said to be more specific 
and also determines dehydroascorbic acid. These methods were compared 
with the results shown in Table 1. In general the results agreed very well 
and did not indicate, so far as these samples were concerned, that any 
advantage would accrue from using the more complicated colorimetric 
procedure in place of the simple titration method. 
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Table 1. —Ascorbic acid determinations by indophenol titration and by the 
colorimetric 2,4 dinitrophenylhydrazine method 



Ascorbic acid—mg. per 100 g. 

Reduced 

1 Total (reduced-hdeliydro.) 

Titration 

('olori metric 

'I'itration 

Colorimetric 

Broad Beans—sproutetl 4 days 

24.6 

22.9 


29 2 

Vetch—sprouted 3 da>’s 

12.1 

12.8 

— 

_ 

Vetch (cooked 20 min.) 

3.5 

4 2 

— 

13.3 

Peas—sprouted 10 days 

20.5 

19 1 

21.9 

24.5 

Dehydrated Cereal Grass 

41.2 

43.5 

— 

45 7 

.Standard Ascorbic Acid Solution 





(50 mg. per 100 cc.) 

50.00 

49 8 

1 

50.0 

50.3 


B, Riboflavin 

The riboflavin content of the sprouts was determined by the followinj^ 
method which combined certain features of the Chapman and McFarlane 
(8) and the Najjar (9) fluorimetric methods. 

A 10-g. sample was weighed into a 250-ml. centrifuge bottle, 50 to 75 ml. of 
a 0.2% pepsin solution in 0.33% HCl were added and the mixture incubated 
overnight at 37° C. and in the dark. After adjusting to pH 4.5, using bromcresol- 
green as an external indicator, 0.1 g. of takadiastase was added and the incubation 
continued for 3 to 4 hours. The material was centrifuged, the supernatant 
transferred to a 100-ml. volumetric flask, the residue was twice washed with 
distilled water and the combined extracts made up to 100 ml. with distilled 
water. 

5-ml. aliquots were shaken in a separatory funnel with 1 ml. glacial acetic 
acid and 2 ml. pyridine; 10 drops 4% potassium permanganate were added and 
after 1 minute 10 drops of 3% hydrogen peroxide. Finally, 5 g. anhydrous 
sodium sulphate and 10 ml. butyl alcohol were added, the mixture shaken thor¬ 
oughly for 2 min. and centrifuged. The fluorescence of the pyridine-butyl 
alcohol phase was measured in a Coleman photofluorimeter. The fluorescence 
due to substances other than riboflavin was corrected for with a “blank” prepiared 
by exposing the pyridine-butyl alcohol .solution to inten.se ultra-violet radiations, 
for one hour, thus destroying riboflavin only. The fluorimeter was standardized 
by carrying out a determination with 5 ml. of a riboflavin solution containing 
one microgram of pure riboflavin. 


EXPERIMENTAL 
C EREALS 

Cereal seeds are the most desirable from the standpoint of supply 
and low cost, but oats and barley have their seeds embedded in a coarse 
hull and are therefore not suitable for sprouting. Hulless oats and barley 
are now available, but the seed is still expensive and only small quantities 
are on the market. However, these were studied, along with rye and it 
was found that, after 3 days of sprouting, the optimum ascorbic acid content 
was 5-7 mg. per 100 gms. We investigated 5 common wheat varieties. 
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Red Bog, Thatcher, Apex, Regent and Marquis. When sprouted for 
4 days, the ascorbic acid content remained low (1.5~2.5 mg. per 100 gms.) 
and reached a maximum of 5.5 mg. per 100 gms. at 10 days (Figure 4). 



Figure 4. Showing the increase in ascorbic acid content of “Regent’* wheat, 
during sprouting. 

Cereal sprouts must be considered a poor source of ascorbic acid as 
20-30% was lost on cooking for 10 minutes. Cereal sprouts alone were 
tasteless and had to be blended with oatmeal and served as porridge. 
It was found that after 3 days sprouting the roots were fibrous and unsuit¬ 
able for human consumption, so that the sprouts could not be used at the 
stage of optimum vitamin C content. An attempt was made to remove 
the fibrous roots but the only practical method was to dry the sprouts, 
so that the roots became brittle and broke off on subsequent screening; 
this treatment destroyed the fresh food character of the sprouts. 

Legumes 

Legume seeds do not develop fibrous roots during the early stage of 
sprouting, and the entire sprout can be eaten up to the stage of the appear¬ 
ance of green leaves. At more advanced stages, only the green shoots 
are edible. Sprouted Mung beans have been used primarily for dietary 
purposes but the beans cannot be grown in Canada. Soybean sprouts 
have attainecJ^ome popularity, particular emphasis being laid on the protein 
and ascorbic acid content. The ascorbic acid content of the soybean 
varieties we have studied was low, amounting to 10-15 mg. per 100 g. 
after 5 days sprouting. About 30% of the ascorbic acid was concentrated 
in the tender shoots and was readily leached into the cooking water. The 
loss after 20 min. cooking was about 50%, thus reducing the ascorbic acid 
retention to such a low value,that their value was questionable. Since a 
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great deal of information was already available on sprouting soybeans, 
we concentrated our efforts on other seeds. 

1. Peas 

The C. S. I. R. Nutrition Laboratory, University of Adelaide, Australia, 
recommended the use of Blue Boiler peas, sprouted for 4 days. They 
claimed a vitamin C content of 38 mg. per 100 g., of which one-third was 
lost on cooking. This variety is not available in Canada. It was found 
that, with the variety Ottawa 181, the ascorbic acid content increased 
to 15-17 mg. per 100 g., after 5 days sprouting. Because of the hardness 
of the seeds, it was necessary to cook the sprouts for 1 hour to render them 
soft enough to be palatable, with the result that 80% of the vitamin was 
destroyed. 

To reduce this loss, field peas were sprouted for 10 days, during which 
time the seeds sent up shoots 8" long, so that the shoots could be clipped 
off close to the seeds and served as a gieen salad. This salad was agreeable 
to the taste and containi'd a significant amount of vitamin C. No advan¬ 
tage was found in prolonging growth beyond 10 days, as the shoots became 
fibrous and the ascorbic acid content declined. The distribution of ascorbic 
acid l^etween the shoots, cotyledons and roots of pea seedlings at different 
stages of growth is shown in Figure 5. These sprouts were grown in a 
constant temperature chamber at 28® C. and 50% relative humidity. The 
sprouts grew rather poorly because of the low humidity. For comparison,* 
the ascorbic acid content of seedlings from the same seed grown at 90% 
relative humidity, is also given in Figure 5. 



Figure 5. Distribution of ascorbic acid in pea seedlings. 
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, The effect of light on sprouting was next studied, the most apparent 
response being the attractive green colour and retarded growth; the ascorbic 
acid content per 100 g. of seedlings was unaffected and an apparent increase 
in the ascorbic acid content due to light was offset by the lower yield. 
Ascorbic acid synthesis increased only when the light intensity reached a 
level which permitted photosynthesis. The effect of light can be seen 
from the data in Table 2, which also shows that above 25® C. there is a 
decrease in the yield and ascorbic acid content of the green shoots. 


Table 2.— The effect of temperature and light on vitamin C synthesis in 11-day 

PEA SHOOTS 


Treatment 

Yield of shoots 
(gnis.) 

Ascorbic acid 

(mg./100 gms.) 

(Mg./400 gnis. 
dry seed) 

25® C. in light 

442 

27.0 

112 

27® C. in light 

371 

25.9 

96 

30® C. in light 

2S6 

25.9 

74 

21® C. in dark 

515 

22.9 

118 

26® C. in dark 

431 

22.5 

97 

30® C. in dark 

305 

22.2 

68 


The suitability of sprouting bags (Figure 3) for growing green shoots 
was investigated. Equal amounts of seed were spread on shallow trays 
and sprouting bags, and it was found that the yield was greater in the latter 
case, but the ascorbic acid content of the sprouts was almost identicarl 
(Table 3). Rot-proofing the bag prevented the roots from penetrating 
the material thus facilitating the subsequent cleaning of the bag, although 
the yield in the presence of the copper carbonate was much lower. 

Table 3.— The effect of different sprouting devices on Vitamin C synthesis by 

field pea sprouts 


Sprouting 

time 

(days) 

Treatment 

Yield of 
shoots 
(gm.) 

Ascorbic acid content 

(mg. per 

100 gm.) 

(mg. TCr 
tray) 

11 

Shallow tray 

1 

590 i 

26.6 

157 

11 

Bag, Untreated 

730 

24.5 

179 

11 

Bag, CuCOa treated 

496 

1 

25'. 2 

125 


The results in Table 4 indicate the effect of the thickness of seeding 
the trays. The yield of shoots increased with increasing amounts of soaked 
seeds per tr^^ The thicker the stand the taller the shoots and thus the 
greater the yield of shoots per 100 g. of soaked seeds. The ascorbic acid 
content of the shoots increased with the density of the stand but declined 
when the stand became too thick. The amount of ascorbic acid synthesized 
per tray was highest where the greatest amount of soak^ seed was used, 
but calculated on a basis of 100 g. of seed, the greatest efficiency was 
obtained when 1000-1100 g. of peas were spread on one tray. 
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Table 4. The effect of thickness of seeding on the yield and ascorbic acid 

CONTENT OF ELEVEN DAY PEA SPROUTS 


Weight of 
soaked seeds, 
per tray 
(gni.) 

Yield of shoots 

Ascorbic acid content 

(g. pt^r tray) 

(g. per 100 
gm. soaked 
seed) 

(mg. fXT 
lOO'gm.) 

(mg. p<T 
tray) 

(mg. per 
100 gm. 
soaked seed) 

814 

401 

49 3 

25.7 

105 

12.9 

1014 

597 

49.0 

29.2 

174 

17.1 

1144 

606 

53.0 

30.2 

183 

15.9 

1414 

783 

55.0 

25.5 

199 

14.0 


The riboflavin content of pea sprouts was determined with the results 
summarized in Table 5. It is evident that these sprouts would not con¬ 
tribute significant amounts of riboflavin to the daily diet. 


Table 5.—Riboflavin content of field peas 
BEFORE and AFTER SPROUTING 


Sample 

Riboflavin 
(micrograms 
per 100 gm.) 

Dry seed 

93 

5 day sprouts 

131 

11 ilay sprouts 

89 


Seeds and the sprouts were also treated with growth hormones, includ¬ 
ing the commercial preparations “Parmone”, “Stop Drop”, and “Auxilin 1”. 
No beneficial effect resulted from their use at high or low concentrations. 


After 10 days sprouting, the pea shoots are crisp and green and ready 
to serve as salads. These are prepared by clipping the shoots close to the 
seeds, cutting them into pieces 2-3" long and “tossing" with French dressing. 
Attractive and nutritious additions include chopped vegetables, such as 
tomatoes, radish, carrots, lettuce, cabbage, or sprouted soybeans, which 
have been boiled 20 minutes and chilled. 


The residual seeds would not sprout again although they still contained 
an appreciable amount of storage nutrients and ascorbic acid. This part 
of the pea sprout represents a '’ompleie loss because of the fibrous con¬ 
sistency of the roots. In 10 days sprouting, 400 g. of dry seed produced 
about 400 g. of green shoots which contained about 120 mg. of ascoibic 
acid. Therefore, 100 g. of dry seed produced about 30 mg. of ascorbic 
acid in the form of edible shoots. An average serving as salad, was 40 g. 
which provided 12 mg. of ascorbic acid. 


2, Navy Beans 

The germination of Navy Beans was retarded by soaking; they had 
to be sprouted between moist towels or on wet sawdust. The seedlings, 
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sprouted for 5 or 6 days, contained 11-15 mg. ascorbic acid and 125 micro¬ 
grams of riboflavin per 100 g. At 12 days a green shoot formed which 
contained 23-26 mg. ascorbic acid per 100 g. Unlike pea sprouts, the 
cotyledon of the bean sprouts grew up with the stem to a height of about 
4 inches and remained tough and starchy and could not be used in a salad. 
The cooked sprouts contained only 3-4 mg. of ascorbic acid per 100 g. 
and therefore their use is not recommended. 

3, Windsor Broad Beans 

The Windsor broad bean (vicia faba), sprouted for 4 days, was recom¬ 
mended by Johnson and Young (10) for its high vitamin C content. We 
found that the beans could be sprouted in tubs, trays or bags. Tubs were 
preferred as the cleanest sprouts were obtained in high yield and with high 
vitamin C content (Table 6). 

Table 6.— The effect of different sprouting devices on the vitamin C content of 

Windsor broad bean sprouts 


Container 

Weight of edible 
sprouts* j 

Ascorbic acid content 

(mg. per 100 gm.) 

(mg. per lot) 

1 

gm. 

1 



Tub 

2702 

25.5 

690 

Open bag 

2639 

28.2 

740 

Tray 

2511 

22.8 

573 


• Produced in 4 days troin 2800 g. soaked seed. 


The best results were obtained by soaking the seed for 24 hours and 
watering twice daily (Table 7). 


Table 7.— The effect of watering and soaking on the 4 day 
Sprouting of Windsor broad bean 


Soaking 1 
time 
(hrs.) 

Daily 

watering 

Weight of edible 
sprouts from 800 gm. 
soaked seeds 

Number of 
defective 
seeds 



gm. 


12 

Once 

785 

. 22 

12 

Twice 

871 

19 

24 

Once 

929 

13 

24 

T wice 

977 

1 

6 


A numl^ of vitamin C determinations were made on several batches 
of beans sprouted for varying periods of time. The results, presented in 
Table 8 show that the vitamin C content increased rapidly during the third 
and fourth day of sprouting. The variability in the results obtained was 
attributed to changes in temperature during sprouting. Experiments 
carried out in a constant temperature chamber indicated that the optimum 
temperature for highest^ ascorbic acid production was 25® C. 
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Table 8.—Showing the variation in the vitamin C content 
OK Sprouted Windsor broad beans 


Duration of sprouting: 
((Ja\s) 

Ascorbic acid- per 100 

2 

7.1 

3 

23 1; 14 6; 23 6; 20 4; 17 5 

4 

25.6; 15 8; 22.0; 16 9 

5 

28.3; 22.5; 21 2 

7 

31.2 


* Eai'li valut* ifpic-ent** the analysis of a differeni batolj of sinonioji he.ms. 


The si/e of the sprouts was related to their ascorbic acid content and the 
most suitable staj^e was found to be when the shoots had broken through 
the seed coat and attained a length of about 1 inch. K.\tending the 
sprouting time did not seem beneficial as micro-organisms spread rapidly 
and caused spoilage and discoloration of the sprouts. Some bacteria 
caused proteolytic decomposition which produced a disagreeable odour„ 
while others acted on the carbohydrates of the seed, affecting mainly the 
appearance and, to a lesser extent, the flavour of the sprouted beans- 
The danger of contamination by pathogenic bacteria does not seem likely. 

Riboflavin determinations indicated that Windsor Broad beans, after 
2 days sprouting, contained approximately 1 microgram per gram of fresh 
material. 

The cooked sprouts were utilized in many appetizing dishes. The 
tough seed coats impaired the acceptability of the beans as a vegetable, 
but they could be removed by blanching which is a tedious procedure but 
apparently the only practical one. This was done by dropping the sprouted 
seeds into boiling water and allowing them to stand for 5 minutes, draining 
and adding cold water. The seeds were allowed to stand for 3 minutes, 
when the water was again drained off. When cool, the seed coats had 
loosened and were easily slipped off. The loss of ascorbic acid in blanching 
amounted to about 10% Beans with a disagreeable odour w ere discarded 
while those with brown spots weiv considered edible. 

Broad beans were served as vegetable, casserol, stew\ or as thick soup. 
In testing for palatability broad beans were served with tomato sauce to a 
group of C.W.A.C. personnel. Of 33 answers to a questionnaire tw^enty- 
eight considered the beans a tasty addition to the diet, while five disliked 
them. Twenty-five minutes cooking rendered the beans soft to the point 
of being mushy but a few remaii/ d whole and firm. This gave rise to the 
comment from a few people that the beans w^ere under-cooked. This 
opinion was based entirely on texture as only a few minutes boiling is 
necessary to remove the raw flavour from the beans. 

When served as a vegetable with green pepper sauce they were generally 
very well liked. It was suggested that the beans were too dry and broken 
up. This was overcome by serving with a more generous portion of sauce 
and by stirring as little as possible during cooking. Comments on the 
stew were generally favourable. 
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Vitamin C analyses on the prepared beans showed a loss of 30-50% 
of the ascorbic acid originally present in the sprouts (Table 9). Further 
reduction in the final product was due to dilution by ingredients not con¬ 
taining vitamin C. One helping of thick soup contained about 14 mg. of 
ascorbic acid. 


Table 9.— The Vitamin C content of vegetable dishes of sprouted 
Windsor broad beans, as served from an army kitchen 


Vegetable dish 

Ascorbic acid 

—mg./lOO gm. 

Before cooking 

After cooking 

Mixed with tomato 

20.5 

12.1 

Boiled as vegetable 

25.5 

11.3 

Thick soup 

20.2 

7.6 


4. Vetch 

Vetch seed {Vida saliva) belongs to the same plant family as Windsor 
broad beans {Vida faba). The sprouts were equally high in vitamin C, 
containing about 25 mg. per 100 gm. after 4 days sprouting (Table 10). The 
seed coat of vetch was not as tough as that of Windsor broad beans, and 
they could be rendered edible by 20 minutes cooking. The taste of vetch 
sprouts was not as pleasant as that of Windsor broad beans so they were 
blended with meat or tomato. One serving of sprouted vetch blended with 
meat contained 5 mg. ascorbic acid, and when blended with tomato, about 
14 mg. 


Table 10. —The ascorbic acid content of vetch sprouts 


Sprouting time 
(days) 

Ascorbic acid 
(mg. per 100 gm.) 

Sprouting time 
(days) 

Ascorbic acid 
(mg. per 100 gm.) 

2 

7 3 

4 

28.2 

3 

20.5 

5 

37.4 

4 

23.4 

6 

27.5 


5. Soybeans 

For the reasons already mentioned the work done on sprouting soy¬ 
beans was very limited. “Mandarin’’ soybeans {Glycine Soya) were 
soaked for 8 hours at 22® C. and transferred to the sprduting-tubs. A thin, 
metal lid was placed on top to exclude light and to maintain a high humidity 
inside. The sprouts were watered frequently, the water being at about 
22® C., and stirred by hand to ensure uniform germination. After each 
watering thWubs drained slowly and completely thus drawing in fresh air. 
At the end of the sprouting period (4-5 days) the tubs were emptied into a 
large water tank where the seed-coats floated-off leaving the sprouted 
seeds ready for use. The data obtained in these experiments is presented 
in Table 11. It will be observed that the vitamin C content increased 
rapidly but failed to reach a high level,, and the increase in riboflavin was 
very slight. The soybeans doubled their weight in sprouting. 
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Table 11. —Analyses of sprouted soybeans at various stages of development 


Sprouting 

time 

(days) 

Sample 

Cooking 

time 

(mins.) 

Weight 
of 250 ml. 
sprouts 
fem.) 

Weight 
of 100 
seeds 
(gm.) 

Ascorbic 

acid 

(mg. per 
100 gni.) 

Riboflavin 
(/i g. per 
100 gm.) 


Dry seed 

— 

188 5 

17.64 

— 

— 

1 

Raw' 

_ 

165.5 

38.74 

1.5 

76 


Cooked 

60 

— 

— 

1.1 

60 

2 

Raw' 

_ 

175.5 

40.95 

3.2 

_ 


Cooked 

55 

— 

— 

1.8 

— 

3 

Raw 

_ 

U6.5 

43.29 

6.0 

_ 


Cooked 

60 

— 

— 

2.2 

— 

4 

Raw 

_ 

125.5 

51.17 

10.4 

89 


Cooked 

40 

— 

— 

1.5 

40 

5 

Raw' 

_ 

105.0 

66.16 

11.4 

_ 


Cooked 

20 


— 

1.7 

— 


It was interesting to note (Table 11) that the cooking time decreased 
with prolonged sprouting. This was a great advantage as it saved time 
and fuel. As a result of the shorter cooking time a higher vitamin C 
retention was hoped for, but this was not found to be the case. Unfor¬ 
tunately the cotyledon required considerable cooking, consequently the 
rootlets were overcooked. Thirty per cent of the ascorbic acid in the 
sprout was concentrated in the tender rootlet and this was readily leached 
into the cooking water. 

Sprouted soybeans were served as a vegetable. The 4-day sprouts 
were about 2 inches long and the beans were clean and in good condition 
for serving. Before cooking, the beans were washed thoroughly with large 
quantities of water and as many of the skins as possible were floated off. 
The beans were first weighed then dropped into sufficient boiling salted 
water to cover. They were brought to a rolling boil and allowed to cool 
in this manner for 40 minutes. As a result of boiling, many of the seed 
coats came to the top and were skimmed off. At the end of the cooking 
time the beans were drained in a colander (this drainage water should be 
used in gravy, white sauce or soup stock) and mixed immediately with a 
tomato sauce. 

Of 33 answers to a questionnaire, 13 liked the soyoeans as served 
while 20 disliked them. The j^^neral opinion of the latter was that they 
were not thoroughly cooked. Our experience was that the beans were 
cooked from the standpoint of flavour but remained tough from the stand¬ 
point of texture. In a further experiment the sprouted beans were boiled 
for 20 minutes, chilled and served as a salad with chopped carrots, lettuce 
and mayonnaise. The general opinion was that the salad required too 
much chewing and the flavour was not well liked. Some, however, appreci¬ 
ated the chewiness, so it seemed that a taste for such a salad might be 
acquired. 
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DISCUSSION 

The work herein described shows that there are definite limitations in 
the substitution of sprouts for fresh vegetables. We consider only three 
types of seed to be of practical importance, viz., field peas, Windsor broad 
beans, and vetch. Cereal sprouts can only be used in the early stages, 
i.e. up to 3 days of sprouting. They may then be blended with oatmeal 
and served as a porridge. Their best feature is their cheapness and 
abundance, but their nutritional value, so far as ascorbic acid is concerned, 
is too low to be recommendable. 

The attractive appearance and agreeable flavour of pea shoots as a 
salad met with general approval. Their ascorbic acid content is also high 
and cooking losses are obviated. The cultivation of pea sprouts, however, 
takes twice as long as any of the other sprouts. They are the only seed 
which have to be germinated in thin layers which requires more space and 
more handling. A tasty and nutritious vegetable soup can be prepared 
from Windsor broad beans. The ascorbic acid content of the sprouts, 
originally high, may undergo a considerable loss before serving when cooked 
too long or not served immediately. The seeds are scarce and expensive. 
Vetch seeds can be sprouted in a manner similar to that used for Windsor 
broad beans, but they are not particularly appetizing when served alone. 
They are palatable when mixed with meat or tomatoes. 

The Committee on Food and Nutrition of the American National 
Research Council (11) has laid down the level for the daily riboflavin require¬ 
ment at 2,2 to 3.3 mg. for a man weighing 75 kilograms, depending on the 
degree of physical activity. Considering this as a liberal intake and 
assuming that 1.8 mg. is sufficient for optimum health, none of the sprouted 
seeds would contribute a significant amount of riboflavin to the daily diet. 
The Committee also recommends 75 mg. ascorbic acid daily for the same 
type of man regardless of his activity. Others (12) believe 30 mg. ascorbic 
acid is an adequate daily allowance. Recent studies indicate the lower 
level as being protective against scurvy. With this requirement in mind 
Windsor broad beans after 5 days’ sprouting, common vetch after 4 to 5 
days* sprouting and field pea sprouts after 9 to 10 days’ sprouting can be 
recommended as good sources of vitamin C in the diet. One serving of 
these vegetables will supply one-half the daily requirement of vitamin C. 
Sprouted soybeans and cereals in the ready-to-serve dish do not contribute 
appreciable amounts of vitamin C; however, soybeans are valuable for 
their protein of high biological value and cereals for their vitamin B-com- 
plex, so they may.be considered a valuable addition to the diet. 

Considerable fluctuation was encountered in the vitamin C content 
of pea sprouts and broad bean sprouts. This was due to variations in 
the stage of development of the shoot and to changes in external factors 
during the sprouting period. Reid (13), working with cow pea seedlings, 
came to the ggnclusion that the ascorbic acid in the seedlings was partly 
synthesized from storage carbohydrates and partly through photosynthesis 
in the young plants. She believed that a simultaneous synthesis and 
utilization of ascorbic acid took place in the plant and stated that the 
rate of ascorbic acid breakdown depended on the metabolic rate of the 
plant. High temperatures increase the metabolic rate, thus explaining the 
highest vitamin C content in seedlings grown in light at low temperatures. 
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In our experiment with pea sprouts grown for 11 days, more ascorbic acid 
per tray was synthesized at 21® C. than at 30® C., while the light of two 
100-watt lamps or ultra-violet light had no effect. The failure to increase 
ascorbic acid synthesis by light was possibly due to insufficient intensity 
to permit photosynthesis. Ultra-violet light does not stimulate photo¬ 
synthesis and thus was ineffective in producing vitamin C. Beeskow (14) 
analyzed Mung beans after 4 days* sprouting and found less ascorbic acid 
in rapidly growing sprouts than in those which grew more slowly. No 
similar observation could be made in this work. On the contrary, two lots 
of beans were brought to the same stage of development in 3 and in 5 days 
respectively. In both cases the vitamin C content reached 20 to 25 mg. 
per 100 g. 

Uooking methods had a pronounced effect on the vitamin C content 
of the finished products. Best results were obtained when the sprouts 
were dropped into a volume of boiling water just sufficient to cover the 
sprouts and heated rapidly to bring the water immediately back to the boil. 
The sprouts were cooked in as short a time as possible and served immed- 
diately and without draining of the cooking water. Nevertheless, 35 to 50% 
of the ascorbic acid was lost in quantity cookery for army purposes. A 
further reduction of the vitamin C in the vegetable dish as served was due 
to dilution with ingredients not containing vitamin C. 

SUMMARY 

Methods have been developed for sprouting cereal and legume seeds 
in bulk, and to utilize the sprouted seeds in the diet in the form of palatable 
dishes. 

Wooden tubs were most useful for sprouting Windsor broad beans, 
vetch, soybeans and cereals, while shallow screen-bottomed trays were 
best for peas. An open bag was designed for use in mobile camps and it 
was found convenient for sprouting all types of seed. Acceptable dishes 
were prepared from Windsor broad beans, peas, vetch, soybeans and cereals. 
The beans were best served as a vegetable, thick soup or in stew; the peas 
in salad; the vetch in meat or tomato mixtures; soybeans in vegetable 
dishes or in salads; and cereals in porridge or with rice. 

It was estimated that one serving (approximately 6 ounces as vegetable, 
2 ounces as salad) of Windsor broad beans, vetch and pea sprouts would 
supply half the daily requirement of vitamin C. The amount of riboflavin 
is considered to be insignificant. 
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APPENDIX 

Recipes 

Sprouted Broad Beans—Asa Vegetable 

Remove the seed coats from 22 pounds of sprouted Broad beans. 
Add enough boiling water to almost immerse (ca. 10 quarts), cover tightly 
with a close fitting lid, bring back to the boil as rapidly as possible and 
boil 20 minutes. Drain, saving the drainage water for soup stock or sauce,* 
add butter, salt and pepper and serve immediately as a vegetable. 

Beans cooked in this manner may be served with many variations of 
white sauce, e.g., green pepper sauce, cheese sauce, tomato sauce, curry 
sauce or many other well seasoned sauces. 

Broad Bean Casserole 

20 pounds shelled sprouted broad beans (22 pounds unshelled) 

4 quarts canned tomatoes 
2 pounds fat pork 
8 tablespoons .salt 
8 onions chopped 
4-6 peppers chopped 

Mix all ingredients except the beans, heat thoroughly and pour over 
the shelled beans. Bake in a moderate oven (350° F.) one hour, or until 
the beans are soft. ' 

OR 

Simmer gently over low heat three-quarters of an hour or until beans 
are soft, addmg water if necessary. 

Broad Beans in Stew 

In preparing stew for 100 people, 10 to 12 pounds of shelled beans may 
be substituted for one of the usual vegetables. These are added one-half 
to three-quarters of an hour before the stew is removed from the heat. 
Dehydrated vegetables may be used successfully in stew if fresh vegetables 
are not available. 
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Figure 6. An appcti/inj^ and nu.ritious lunch innudimj sinontcd broad bean 
soup, pea sprout salad and sprouted broad bean casst‘rol(‘. 


Broad Bean Soup 

20 pounds shelled sprouted broad beans (22 pounds unshelled) 
6 onions chopped 
2 teaspoons celery salt 

2 tablespoons chile powder (more may be added if dt'^ired) 

4 quarts tomatoes 
salt 
pepper 
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Remove the seed coats from the beans, add chopped onion and enough 
boiling water (ca. 10 quarts boiling water to 20 pounds of beans) to almost 
cover. Boil rapidly one-half hour. Add tomato and seasoning and heat 
through, stirring to break up the beans. If soup is not thick enough, 
thicken with flour and butter or flour and water. 


Chile Co7i Came with Sprouted Broad Beans 

10 pounds shelled broad beans 
6J pounds chopped onions 
21 pounds beet suet or other fat 
20 pounds coarsely ground beef 
5J quarts stewed tomatoes 
16 bay leaves 
4 quarts water 
14 cups browned flour 
134 tablespoons chile powder 
salt 

Put fat in pan. Fry onions and beans 10 minutes,. Add other 
ingredients and cook about one hour. Thicken wuth browned flour. 
Season to taste. 


Fried or Sauteed Sprouted Broad Beans 

Fry about 20 pounds shelled beans and eight chopped onions in a 
small amount of fat about 5 minutes. Add a small amount of water and 
let cook 10 to 15 minutes longer. Serve as a vegetable. 


Pea Sprouts—Salad 

The 10-day shoots were cut as close to the seeds as possible; cut into 
convenient lengths (2-3 inches); tossed with French dressing and served. 
The recipe for the salad dressing was: 

2f tsp. salt 
2 tsp. mustard 
2 tsp. paprika 

1 tsp. pepper 

2 cups vinegar or lemon juice 
4 cups olive oil 

The bottom of a wide-mouthed pitcher was rubbed with onion. All 
ingredients were put into the pitcher and beaten until creamy with a Dover 
egg beater and served at once. This recipe provided fenough dressing for 
100 salads or more. 

Attractive and nutritious additions to this salad were provided by 
the additionchopped vegetables such as tomato, radish, carrot, lettuce, 
cabbage or sprout^ soybeans which have been boiled 20 minutes and 
chilled. 

The shoots were also cooked in a minimum amount of water, just 
enough to prevent burning, and served with butter, salt and pepper as a 
vegetable like spinach, but this is not recommended as cooking does not 
improve their quality and destroys a large percentage of the vitamin C. 
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Sprouted Wheat Porridge 

cups rolled oats 
4i cups water 
4 cups sprouted wheat 
\ tablespoon salt 

Cook the rolled oats in the salted water 30-45 minutes; at the same 
time cook the sprouted wheat 10 minutes in water enough to cover, drain 
and add to the cooked porridge. This provides enough porridge for 13 
people. 

In preparing a vegetable from sprouted wheat, fry chopped onion and 
wheat in a small amount of fat 5-10 minutes. (Overcooking will cause the 
wheat to become very hard.) Add to thib, cooked rice and heat thoroughly 
in the frying pan. This may be used if the supply of rice is short. When 
used in soup, drop the sprouted wheat into the soup 15 to 20 minutes before 
removing from the heat. The wheat has a swe^'t Havour and requires very 
little cooking. It may be substituted ‘ rice but requires more chewing 
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ERRATUM 

In the article entitled ''A biological method of detecting the presence 
of fungicides on seeds’* by H. W. Mead in. Scieittific Agriculture for March 
1945 (Vol. 25, No. 7, pp. 458-461), the illustration on page 459 should bear 
the following legend. 

“Figure 1. Showing the inhibitive effect of two mercury fungicides, carried on 
wheat kernels, on the growth of Helminthosporium sativum on potato dextrose agar. 
A, Ceresan series; B, L<.‘ytosan series. 1, untreated seed; 2 and 3, treated seed.” 
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Aside from a few early papers (Gamble and Harcourt (1), Shut! and 
Hamilton (7, 8), Shull (6) ), there appears to be no published data giving a 
survey of the composition of Canadian feeding stuffs. Therefore, it was 
thought that a compilation of this kind would be of considerable value to 
those interested directly or indirectly in the feeding of livestock. 

Presented in this paper are the results of a survey carried out during 
the period 1939 to 1943 by the Department of Animal Nutrition, whereby 
373 samples, representing 80 types of feeding stuffs were analysed for 
organic and mineral nutrients. The samples were from feeds which were 
available in Canada and which, with only a few e.vceptions, were produced 
in this country. The descriptive names of these feeding stuffs (meat meal, 
meat scrap, etc.) used herein are those under which the products were 
marketed. 

METHODS OF ANALYSIS 

The analyses for ash, crude protein {N X 6.25), ether extract, and crude 
fibre were conducted according to the methods of the A.O.A.C. (4). Official 
methods were also used for moisture, with the exception of milk products 
which were dried to constant weight at 100° C. under atmospheric pressure. 

The percentage of nitrogen-free-extraci was obtained for each indivi¬ 
dual sample by subtracting from 100 the percentage of moisture, crude 
protein, ether extract, crude fibre and ash. It should be pointed out that 
where the analyses on certain .samples in a group of feeding stuffs were in¬ 
complete the sum of the average values may only approximate 100%. 

Destruction of organic matter, preparatory to analysing for calcium 
and phosphorus, w^as accomplished by digestion of the samples with nitric 
and perchloric acids as described by Gerritz (2). Calcium was determined 
by precipitation as calcium oxalate and titration wnth potassium perman¬ 
ganate. Phosphorus was determined by the method of King (3), the 
intensity of the blue colour being measured wnth a Cenco-Sheard-Sandford 
photelometer. 

For the determination of manganese, Schaible’s modification (5) of 
the Willard-Greathouse method (9) was employed. The values are 
expressed as parts per million. 

1 Contribution from the Department of Animal Nutrition. Ontario Agricuitural College. 

* Head of the Department; at present on active service overseas with the R.C.A.F. 
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In the case of four types of feed where only one sample of each was 
available and determinations were not made for some of the constituents, 
the data were completed by the use of average values compiled by 
Morrison."* 


DISCUSSION 

In Table 1 the average, minimum and maximum values obtained for 
the various constituents are given for each type of feeding stuff. Where 
complete analysis was not obtained for every sample in a group, the 
number of samples analyzed is placed in parentheses just above the average 
value. It was thought that the calculation of the standard deviations 
was not warranted since in most groups the number of samples available 
for analysis was relatively small. However, the maximum and minimum 
values do provide a reasonably good indication of the wide variation in 
composition which, in many cases, was encountered within a group of 
feeding stuffs of similar type. 

These variations may be attributed only in part to differences in the 
moisture content since they were not reduced appreciably by a comparison 
of the data on a ‘‘moisture-free** basis."* It is likely that one or more of 
such factors as climatic and soil conditions, time of harvesting and method 
of curing, variety of grains and forage crops and milling and extraction 
processes were responsible for most of these variations. 

Since average values are widely used for the purpose of estimating the 
nutrient content of individual feeding stuffs of mixed rations, it is important 
to emphasize that the composition of individual lots of the same type of 
feed may differ widely. Obviously, the use of averages may, in certain 
instances, lead to markedly erroneous results. 

A large number of feeding stuffs come under the Feeding Stuffs Act 
and hence carry a maximum or minimum guarantee with respect to their 
content of certain nutrients. The use of such feeding stuffs for the prepara¬ 
tion of a mixed ration of a specific composition is thus greatly simplified. 
However, the value as guaranteed may not always provide a reliable 
measure of the true content of the nutrient in question. Two examples 
may be cited from the present survey, one involving crude protein and the 
other, crude fibre content. Sixteen samples of meat meal, guaranteed to 
contain not less than 55% protein were analysed and six of these samples 
were found to be appreciably below this guarantee. Three of these six 
samples were below guarantee even when the protein was calculated on a 
“moisture-free*" basis. Among 34 samples of various wheat by-products, 
nine samples exceeded the maximum limits for crude fibre for their class 
as designated under the Feeding Stuffs Act of 1937. 

In view of the above considerations, it would seem advisable that, 
where a close approximation of the composition of a feed is desired, a chem¬ 
ical analysi^fehould be carried out and average values should not be relied 
upon. On the other hand, where facilities are not readily available for 
such an analysis, average data, as presented in Table 1, can be of con¬ 
siderable worth, provided they are used with due regard for the number of 
samples analysed and the range in values which was found. 

• F. B. Morrison. Feeds and Feeding, Appendix, 20th Edition, 1936. Reproduced by permission of the 
publishers. 

* *‘Moisture-free'’ data are not presented in this paper. 
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SUMMARY 

Eighty typ>es of commercial feeding stuffs available in Canada were 
analysed for moisture, crude protein, ether extract, crude fibre, ash, calcium, 
phosphorus and manganese. 

The significance and practical value of this compilation has been 
discussed. 
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Table 1.—The chemical composition of feeding stuffs available in Canada 


Feeding stuff* 

It 

No. of 
samples 

Moisture 

Crude 

protein 

Ether 

extract 

Crude 

fibre 


Ash 

Cal¬ 

cium 

Phos¬ 

phorus 

Man¬ 

ganese 



% 

or 

/O 

% 

% 

% 

% 

% 

% 

p.p.m. 

Animal Products 











Blood Meal 

5 

Av. 10.0 

84.4 

1.1 

0.7 

1.1 

2.8 

0.33 

0.30 

5 



Min. 5.8 

82.0 

0.2 

0.4 

0.3 

1.8 

0.19 

0.21 

2 



Max. 11.4 

85.8 

4.1 

1.0 

2.0 

3.9 

0.54 

0.41 

12 

Bone Meal (Feeding) 

7 

Av. 6.7 

25.8 

4.7 

— 

_ 

59.7 

24.99 

10.86 

2 



Min. 3.6 

22.1 

2.1 

— 

— 

54.1 

21.40 

10.21 

1 



Max. 9.1 

28.3 

12.8 


— 

63.5 

37.40 

11.50 

3 

Bone Meal (Steamed) 

5 

Av. 3.3 

7.6 

1.6 

— 

— 

80.5 

29.10 

14.26 

8 



Min. 2.8 

5.7 

0.4 

— 

— 

73.6 

25.50 

13.20 

4 



Max. 4.2 

12.2 

4.0 

— 

— 

84.5 

31.60 

15.00 

16 

Buttermilk Powder 




(8)t 

(8) 

(8) 

(9) 



(10) 

(Dried) 

12 

Av. 13.7 

32.8 

3.9 

0.2 

40.8 

7.5 

1.31 

0.93 

3 



Min. 4.2 

30.0 

1.3 

0.1 

31.9 

5.7 

0.97 

0.90 

0 



Max. 22.5 

38.0 

6.2 

0.5 

55.5 

9.8 

1.85 

1.05 

7 

Casein 




(14) 

(3) 

(3) 

(17) 





18 

Av. 9.0 

79.8 

0.4 

0.1 

4.5 

3.3 

0.78 

1.43 

3 



Min. 7.2 

68.8 

0.1 

0.05 

0 

1.7 

0.05 

0.75 

0 



Max. 12.0 

84.5 

1.7 

0.2 

7.5 

7.6 

1.33 

1.55 

4 

Cod Liver Meal 

3 

Av. 9.3 

48.4 

28.5 

0.3 

10.7 

2.7 

0.13 

0.76 

6 



Min. 6.0 

43.7 

18.3 

0.1 

6.8 

2.1 

0.03 

0.68 

5 



Max. 14.2 

55.4 

34.3 

0.5 

15.2 

3.2 

0.27 

0.85 

7 

Cracklings (Cow) 

1 

10.9 

57.2 

9.4 

1.2 

0 

23.0 

7.42 

3.77 

28 

Cracklings (Curb 











process) 

1 

6.7 

53.5 

8.8 

2.8 

0.6 

27.6 

9.00 

6.46 

14 

Cracklings (Expeller 











process) 

1 

5.7 

60.5 

10.2 

2.3 

0.9 

20.3 

6.35 

3.35 

8 

Cracklings (Horse) 

1 

6.0 

57.7 

9.7 

0.9 

3.3 

22.4 

7.16 

3.78 

i ^ 

Fish Meals 

7 

Av. 8.6 

62.4 

6.4 

0.6 

4.1 

17.9 

5.33 

3.28 

12 

(Unspecified) 


Min. 6.4 

56.1 

1.4 

0.4 

0.0 

10.2 

2.65 

2.18 

6 



Max. 10.6 

70.3 

15.2 

1.1 

8.7 

24.7 

8.05 

4.48 

18 

Fish Meal (White) 

5 

Av. 8.4 

67.2 

1.9 

0.5 

1.5 

20.7 

6.76 

3.69 

11 



Min. 5.4 

58.3 

1.6 

0.2 

0.0 

15.0 

5.83 

2.24 

7 



Max. 10.4 

71.6 

2.3 

0.8 

3.1 

26.8 

8.55 

4.73 

20 

Fish Meal (Herring) 

1 

7.6 

68.3 

4.2 

0.3 

9.9 

9.6 

2.49 

2.08 

10 

Fish Meal (Pilchard) 

3 

Av. 9.6 

65.8 

9.1 

0.8 

2.5 

13.6 

4.04 

2.72 

9 



Min. 9.4 

62.1 

5.6 

0.3 

0.0 

11.1 

3.05 

2.29 

9 



Max. 9.9 

71.1 

11.9 

1.5 

5.3 

IS.l 

4.58 

3.04 

9 

Liver Meal 

5 

Av. 6.9 

65.0 

19.0 

1.3 

2.6 

5.2 

0.64 

1.26 

8 



Min. 6.2 

61.0 

18.1 

1.0 

0.0 

4.4 

0.07 

1.09 

6 



Max. 7.2 

67.8 

19.9 

1.6 

8.0 

6.9 

1.52 

1.57 

10 

Lung and Liver hdft 

1 

Av. 6.8 

61.1 

21.9 

1.7 

0.7 

7.8 

1.68 

1.47 

6 

Meat Meal (55% pro¬ 

16 



(9) 

(9) 

(9) 

(12) 




tein or over) 


Av. 6.4 

55.1 

10.3 

2.4 

1.6 

23.1 

8.25 

3.48 

7 



Min. 4.1 

49.5 

9.2 

0.8 

0.0 

17.5 

7.72 

1.01 

2 



Max. 8.1 

61.4 

11.9 

3.2 

7.2 

27.3 

11.99 

6.00 

29 


* The descriptive names of the feeding stuffs are those under which the products were marketed, 
t Number of samples analysed. 
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Table 1.—The chemical composition of feeding stci-i-s available in Canada 

—Continued 


FeedinR stuff 

No. of 
samples 

Moisture 

Crude 

protein 

Ether 

extract 

('rude 

fibre 

N.F.E 

.Ash 

Cal 

cium 

Phos¬ 

phorus 

Man¬ 

ganese 



<•' 

r/ 

•y, 

% 

% 

% 

fy 

/c 

% 

p.p.m. 

Meat Meal (below 




(1.5) 

(15) 

(‘^) 

(16) 



(16) 

55% protein) 

17 

Av. 6.7 

49.3 

11.7 

3.7 

2.4 

27.3 

9.04 

4.79 

7 



Min. 5.2 

45.3 

9.4 

1.7 

0.0 

21.3 

7.07 

3.10 

3 



Max. 8.5 

54.6 

14.9 

5,1 

5.8 

34.2 

11.21 

5..S9 

13 

Meat and Hone Meal 

1 

5.7 

46.0 

12.4 

2.1 

1.5 

32.3 

11.1 

5.40 

5 

Meat Si raj) 

5 

Av. 6.5 

51.8 

11.9 

2.0 

0.9 

26.9 

9.43 

4.18 

11 



Min. 4.5 

45.3 

1 k 1 

1.6 

0.3 

17.9 

5.61 

2.15 

6 



Max. 9 5 

58.8 

13.1 

2.6 

2.1 

35.4 

13.30 

6.58 

27 

Milk Albumin (dried) 

3 

Av. 8.0 

52.0 

0.9 

1.0 

12.8 

25.4 

8.19 

4.37 

32 



Min. 7.5 

51.8 

C.7 

0.7 

12.1 

25.3 

7.71 

4.35 

31 



Max. 8.4 

52.4 

1.0 

1.2 

13.4 

25.5 

8.48 

4.40 

33 

Skirnmilk Powder 




(4) 

(4) 

(4) 




(5) 


6 

Av. 0.4 

32.9 

0.4 

0.1 

50.3 

5.9 

1.13 

0.96 

1 



Min. 5.8 

30.4 

0.2 

0.1 

47.8 

4.5 

1.07 

0.88 

0 



Max. 12.7 

.15.3 

0.6 

0. 1 

54.7 

6.9 

1.26 

1.08 

1 

T«inkage 










UO) 


11 

Av. 8.1 

56.6 

8 5 

2 3 

3.4 

23.1 

7.44 

3.90 

s 



Min. 6.7 

45.6 

6.0 

1.1 

0.0 

17.4 

5.51 

1.99 

5 



Max, 11.7 

64.1 

14.2 

5.6 

4.3 

31.4 

10.40 

5.31 

11 

Whey Powder 

1 

11 3 

24.2 

3.5 

0.2 

54.6 

6.3 

1.26 

0.94 

3 

Cfrrah and Their 











By-products 











Barley 




(6) 

(6) 

(6) 

(6) 





7 

Av. 12.1 

12.4 

2.2 

5.6 

66.0 

2.2 

0.08 

0.46 

16 



Min. 11.8 

11.7 

1.8 

4.5 

65.2 

1.8 

0.05 

O.Jl 

14 



Max. 13.1 

13.6 

2.7 

7.7 

67.0 

2.5 

0.19 

0.50 

18 

Barley Feed 




(1) 

(1) 

(1) 






2 

Av. 10.3 

15 

4.7 

10.6 

54.7 

4.8 

0.09 

0.45 

28 



Min. 9.9 

15.1 




4.2 

0.07 

0.43 

25 



Max. 10.8 

15.9 




5.4 

0.10 

0.46 

31 

Buckwheat 

2 

Av. 11.5 

11.4 

2.8 

11.0 

61.4 

1.9 

0.08 

0.34 

31 



Min. 11.3 

11.3 

2.6 

10.8 

61.3 

1.9 

0.07 

0.33 

30 



Max. 11.7 

11.6 

2.9 

11.1 

61.5 

2.0 

0.08 

0.35 

32 

Corn (African) 




(2) 

(2) 

(2) 






3 

Av. 10.8 

i- 5 

4.1 

1.7 

7’ .6 

1.2 

0.01 

0.26 

7 



Min. 10.1 

w.l 

3.6 

1.5 

69.4 

1.0 

0 01 

0.23 

7 



Max. 11.7 

11.1 

4.7 

1.8 

73 8 

1.4 

0.02 

0.30 

8 

Corn (American 




(4) 

(4) 

(4) 





yellow) 

5 

Av. 12.0 

10.1 

4.0 

2.0 

70.6 

1.3 

0.01 

0.27 

8 



Min. 10.3 

8.2 

3.8 

1.6 

66.8 

1.0 

0.01 

0.24 

s • 



Max. 13.1 

13.4 

4.3 

2.2 

72.7 

1.6 

0.02 

0.28 

14 

Corn (Argentine) 




(1) 

(1) 

(1) 






2 

Av. 11.3 

10.0 

4.8 

1.6 

70.6 

1.3 

0.02 

0.30 

8 



Min. 10.7 

9.7 




1.3 

0.02 

0.30 

7 



Max. 12.0 

10.3 




1.4 

0.02 

0.31 

8 
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Table 1.—The chemical composition of feeding stuffs available in Canada 

—Continued 


Feeding stuff 

No. of 
samples 

Moisture 

Crude 

protein 

Ether 

extract 

Crude 

fibre 

N.F.E. 

Ash 

Cal¬ 

cium 

Phos¬ 

phorus 

Man¬ 

ganese 




t 

*7c 

% 

% 

% 

% 

% 

% 

p.p.m. 

Corn (Canadian 





(7) 

(7) 

(7) 





yellow) 

10 

Av. 

11.8 

9.3 

4.1 

1.8 

71.6 

1.3 

0.01 

0.29 

6 



Min. 

9.5 

8.3 

2.0 

1.5 

68.9 

1.1 

0.00 

0.26 

4 



Max. 

13.7 

11.8 

5.2 

2.2 

74^0 

1.3 

0.02 

0.36 

11 

Corn (White) 





(2) 

(2) 

(2) 






3 

Av. 

12.7 

10.1 

4.1 

1.9 

68.8 

1.1 

0.01 

0.25 

5 



Min. 

10.6 

8.6 

3.7 

1.8 

66.3 

0.9 

0.01 

0.20 

3 



Max. 

14.4 

12.5 

4.5 

2.0 

71.4 

1.2 

0.01 

0.29 

6 

Corn Germ Meal 

1 


9.8 

19.6 

5.8 

10.4 

52.3 

2.1 

0.04 

0.47 

19 

Corn Gluten Feed 





(4) 

(4) 

(4) 






6 

Av. 

10.4 

26.0 

3.8 

7.6 

49.0 

4.6 

0.10 

0.74 

17 



Min. 

8.2 

25.3 

3.5 

7.1 

46.2 

3.0 

0.06 

0.54 

9 



Max. 

14.7 

27.0 

4.3 

8.3 

51.1 

7.9 

0.15 

0.99 

32 

Corn Meal (Table) 

1 


13.9 

7.6 

1.3 

0.3 

76.5 

0.5 

0.00 

0.11 

2 

Hominy Feed (White) 

6 

Av. 

10.0 

10.4 

8.2 

4.2 

64.1 

2.1 

0.01 

0.52 

13 



Min. 

9.1 

9.6 

7.6 

3.8 

54.7 

1.8 

0.01 

0.40 

10 



Max. 

10.9 

1 

11.1 

8.7 

5.2 

70.7 

2.5 

0.03 

0.58 

24 

Hominy Feed 

3 

Av. 

10.7 

10.0 

7.7 

3.9 

65.8 

1.9 

0.02 

0.50 

11 

(Yellow) 


Min. 

10.0 ! 

8.8 

6.6 

3.8 

64.4 

1.6 

0.01 

0.43 

10 



Max. 

11.5 1 

10.8 

8.2 

4.1 

68.3 

2.2 

0.03 

0.57 

13 

Oats (whole) 





(7) 

(7) 

(7) 






8 

Av. 

10.5 

12.3 1 

3.9 

10.4 

60.0 

2.7 

0.10 

0.32 

32 



Min. 

r.3 

11.5 1 

2.7 

6.2 

57.7 

2.4 

0.05 

0.28 

20 



Max. 

12.5 

13.6 

4.9 

12.5 

66.8 

2.9 

0.13 

0.42 

46 

Oats (Rolled) • 

1 


9.5 

16.1 

7.3 

1.5 

64.0 

1.7 

0.05 

0.38 

33 

Oat Dust 

1 


8.1 

18.0 




4.7 

0.14 

0 49 

95 

Oat Groats 

7 

Av. 

10.2 

17.9 

5.9 

2.5 

60.3 

1.9 

0.07 

0.43 

30 



Min. 

8.7 

14.8 

3.6 

1.9 

57.5 

1.7 

0.04 

0.37 

20 



Max. 

11.2 

21.6 

l.JS 

1 3.0 

64.5 

2.1 

0.10 

0.46 

35 

Oat Hulls 

1 


5.53 

7.05 

1.2t 

30.6$ 

51.2$ 

5.7 

0.12 

0.18 

20 

Oat Meal 

i 


9.7 

16.2 

6.5 

1.5 

64.3 

1.9 

0.05 

0.41 

31 

Oat Meal (Pinhead) 

1 


11.3 

18.5 

7.1 

2.0 

59.4 

1.6/ 

0.09 

0.45 

29 

Oat Middlings 





(4) 

(4) 

(4) 






5 

Av. 

8.8 

14.8 

6.4 

3.6 

64.4 

2.2 

0.08 

0.53 

45 



Min. 

7.2 

10.2 

4.9 

2.1 

62.2 

1.5 

0.05 

0.37 

23 

4 


Max. 

10.7 

17.2 

7.9 

5.3 

68.1 

3.5 

0.14 

0.78 

90 

Rice Bran 

1 


12.8 

8.2 

13.4 

10.5 

57.7 

7.3 

0.45 

1.19 

176 

Rye Middlings 

1 


11.2 

17.5 

2.7 

5.4 

60.3 

2.9 

0.06 

0.63 

44 

Wheat 





(11) 

(11) 

(11) 

(12) 





13 

Av. 

11.8 

13.3 

1.8 

2.6 

68.9 

1.5 

0.06 

0.39 

33 



Min. 

8.6 

9.8 

1.0 

2.2 

65.7 

1.0 

6.03 

0.29 

12 



Max. 

13.6 

15.5 

2.4 

3.1 

72.4 

2.2 

0.17 

0.41 

48 
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Tadle 1.— The ciifmical composition of feeding stuffs available in Canada 

—Continued 


Fcc'ding stuff 

No. of 
samples 

Moisture 

Crude 

protein 

Ether 

extract 

Crude 

fibre 

N.F.E. 

Ash 

Cal¬ 

cium 

Phos¬ 

phorus 

Man¬ 

ganese 



v> 

% 

% 

‘/c 

% 


t ’ 

/T 

% 

p p.m. 

Wheal Bran 





<7) 

(7) 

(7) 






9 

Av. 

10.6 

16.3 

4.5 

11.6 

52.7 

5.8 

0.11 

1.27 

113 



Min. 

8.8 

14.1 

3.1 

10.0 

48.8 

5.1 

0.10 

1.15 

78 



Max. 

12 2 

20.4 

5.4 

13.8 

58.1 

6.4 

0.16 

1.47 

140 

Wht.il heed Fltuir 

> 


n .7 

16.7 

2.2 

1.5 

66.5 

1.5 

0.03 

0.38 

26 

Wheat Gi rm 





(5) 

(5) 

(5) 






6 

Av. 

10.0 

28.6 

12 7 

2.4 

42.5 

4.1 

0.06 

1.00 

135 



Min. 

7.3 

25.3 

«.4 

2.0 

27.9 

3.2 

0.04 

0.76 

91 



Max 

11.7 

31.3 

24.5 

3 4 

49.5 

4.7 

0.11 

1 .14 

194 

Wheat (.»erTri 







1 





(Defatted) 

* 


6.7 

38.6 

2.7 

2.1 

! 44.4 

5.6 

o.os 

1.25 

176 

Wheat Germ 





(2) 

(1) 

(2) 


i 



MiddhriKS 

3 

Av. 

11.2 

27.8 

10.6 

3.3 

43.2 

4.0 

0.07 

0.98 

126 



Min. 

9.1 

25.0 

9.3 

1.1 

40 7 

3.7 

0.03 

0.91 

117 



Max. 

12.4 

2»* 8 

11.9 

3.8 

15.6 

4.5 

0. 11 

1.11 

141 

Wheat Middlings 





(6) 

(6) 

(6) 






7 

Av 

10.8 

19.2 

4.9 

4.8 

57.9 

3.0 

0.07 

0.69 

86 



Min. 

9.5 

16.6 

3.8 

2.3 

55.7 

2.2 

0.04 

0.46 

52 



Max. 

11.8 

21.9 

5.4 

6.1 

63.3 

3.7 

O.CW 

0.80 

108 

Wheat Shorts 





(6) 

(6) 

f6) 






7 

Av. 

9.5 

17.2 

4.9 

7.8 

56.4 

4.1 

0.09 

0.87 

106 



Min. 

5.9 

15.2 

4.0 

5.9 

51.8 

3.5 

0.08 

0.47 

79 



Max. 

11.7 

19.2 

5.5 

9.5 

58.7 

5.0 

0.10 

1.19 

145 

VoKlflS 





1 

j 






Alfalfa (Dehydrated) 





(23) 

(23) 

(22) 

(23) 

(34) 

(34) 

(34) 


35 

Av. 

>. 7 

17.4 

2.8 

24.3 

39.8 

7.1 

1.71 

0 21 

34 



Min. 

5.8 

11.4 

1.6 

15.8 

35.4 

4.9 

1.01 

0.13 

12 



Max. 

13.0 

26.5 

4.5 

30.0 

43.3 

11.1 

2.31 

0..54 

55 

Alfalfa (Sun cured) 





(4) 

(4) 

(4) 






5 

Av. 

10.9 

15.6 

2.0 

26.6 

38.7 

6.0 

1.55 

0.17 

33 



Min. 

8.8 

11.8 

1.7 

23.4 

36.7 

5.0 

1.15 

0.16 

27 



Max. 

13.8 

18.2 

2.5 

29.6 

41 .8 

[ 

6.9 

1.83 

0.18 

39 

Cereal Grass 





(12) 

(12) 

(12) 

(13) 




(Dehydrated) 

15 

Av. 

8.8 

20.4 

5.6 

16.6 

35.8 

12.4 

0.72 

0.61 

29 



Min. 

6.7 

18.5 

3.5 

12,6 

29.8 

6.0 

r. 36 

0.22 

5 



Max. 

10.9 

27.5 

11 5 

19.3 

40.7 

16.4 

1.58 

1.71 

61 

Miscellaneous 












Feeding: Stuffs 












Alfalfa Silage (Dried) 

1 


5.8 

17.2 

2.4 

29.4 

27.4 

7.9 

1.57 

0.86 

— 

Beet Pulp (Dried) 

2 

Av. 

11.3 

9.2 

. 0.6 

20.0 

.56.4 

2.5 

0.69 

0.09 

25 



Min. 

11.0 

9.1 

0.5 

19.4 

55.8 

2.0 

0.66 

0.08 

18 



Max. 

11.6 

9.3 

0,8 

20.6 

56.9 

3.0 

0.72 

0.10 

33 

Brewers’ Grains 

I 


8.0 

22.8 

4.0 

24.9 

37 5 

2.9 

0.19 

1 0.33 

33 

(dried) 









1 

1 
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Table 1.—^The chemical composition of feeding stuffs available in Canada^ 

—Concluded 


Feeding stuff 

No. of 
samples 

Moisture 

Crude 

protein 

Ether 

extract 

Crude 

fibre 

N.F.E. 

Ash 

Cal¬ 

cium 

Phos¬ 

phorus 




O’ 

o 

% 

% 

% 

% 

% 

% 

% 

p.p.m. 

Copra Meal 

1 

9.9 

21.1 

6.5 

18.8 

38.7 

5.0 

0.11 

0.58 

61 

Cottonseed Meal 

6 

Av. 8.2 


6.4 

10.5 

28.2 

6.4 

0.16 

1.35 

18 



Min. 7.0 

37.6 

5.7 

9.5 

26.8 

6.1 

0.13 

1.29 

17 



Max. 9.5 

42.1 

6.9 

11.6 


6.9 

0.20 

1.39 

20 

Distillers’ Dried Corn 

1 

7.9 

28.8 

4.0 

13.8 

43.5 

1.8 

0.03 

0.43 

14 

Distillers' Dried 

1 

7.4 

30.7 

6.0 

13.5 

41.0 

1.4 

0.04 

0.28 

35 

Mixed Grains 











Distillers’ Dried 

1 

£.1 

24.1 

_ 

_ 

_ 


0.05 

0.55 

15 

Wheat 











Feed Screenings 

1 

12.1 

13.8 

2.6 

4.9 

64.7 


0.08 

0.35 

28 

Flaxseed 

1 

8.2 

20.8 

36.4J 

5.9t 

24.21 

3.6J 

0.34 

0.60 

15 

Kelp Meal 

1 

13.4 

8.2 

1.4 

11.6 

50.7 

— 

1.14 

0.16 

2 

Linseed oil meal 




(7) 

(7) 

(7) 

(7) 





9 

Av. 9.9 

36.5 

6.7 

8.0 

33.6 

4.7 

0.29 

0.90 

41 



Min. 8.5 

33.2 

5.4 

6.7 

30.6 

4.0 

0.10 

0.67 

20 



Max. 11.1 

41.0 

8.3 


36.8 

5.1 

0.33 

1.58 

49 

Malt Sprouts 

2 

Av. 11.0 

26.7 

1.4 

13.7 

41.9 

5.4 

0.25 

0.76 

35 



Min. 8.3 

23.7 

1.4 

13.3 

41.7 

5.2 

0.18 

0.74 

15 



Max. 13.8 

29.7 

1.4 

14.1 

42.0 

5.5 

0.32 

0.78 

55 

Peas 

2 

Av. 12,6 

24.1 

1.1 

4.7 

55.4 

2.1 

0.09 

0.43 

30 



Min. 12.1 


1.1 

4.4 

54.8 

1.7 

0.08 

0.27 

13 



Max. 13.1 

25.2 

1.1 

5.0 

56.1 

2.5 

0.10 

0.59 

47 

Rapeseed Meal 

1 

7.6 

32.7 

5.1 

11.7 

30.4 

6.3 

0.47 

1.00 

42 

Soybean Germ Oil 











Meal 

1 

6.9 

38.5 

— 

— 

— 

3.7 

0.12 

0.64 

24 

Soybean Oil Meal 




(9) 

(9) 

(9) 

(10) 





13 

Av. 9.8 

43.8 

3.0 

5.3 

32.4 


0.24 

0.59 

28 



Min. 8.1 

40.5 

0.3 

0.9 

29.8 

4.3 

0.14 

0.58 

24 



Max. 11.3 

48.7 

5.1 

6.4 

36.1 

5.8 

0.31 

0.80 

34 

Starch 

1 

7.9 

0.4 

5.5 

— 

— 

0.0, 

0.01 

0.02 

0 

Sunflower Seeds 

2 

Av. 7.8 

15.4 

25.0 

29.6 

19.8 

2.4 

0.17 

0.49 

9 



Min. 7.2 

14.3 

22.6 

28.7 

17.4 

2.0 

0.15 

0.47 

9 



Max. 8.5 

16.5 

27.4 


22.2 

2.8 

0.18 

0.52 

10 

Sunflower Seed Meald 

1 > 

1 7.8 

40.1 

18.3t 

10.9t 

21.8t 

5.5 

0.24 

1.22 

5 

Tarea 

1 

11.9 

25.8 

i 

1.0 

4.7 

54.1 

2.5 

0.15 

0.36 

29 

Yeast 

i 



. (3) 

(3) 

(3) 

(3) 





7 

Av. 7.3 

49.8 

0.8 

2,7 

37.0 

7.6 

0.09 1 

1.64 

6 



Min. 4.4 

38.8 

0.5 

2.1 

29.1 

7.4 

0.05 

1.21 

5 



Max. 11.1 

57.5 

1.3 

3.6 

43.0 

7.9 

0.13 

2.19 

10 


i VaJuet reproduced from Feed* and Feeding by Morriaon. 1936, with the permiaaion of the publiabera. 




















COMMON SCAB OF POTATO IN DRY AND WET SOILS' 

G. B. Sanford® 

Dominion Laboratory of Plant Pathology, Edmonton, Alberta 

[Received for publication February 16, 1945] 

The relation of the water content of the soil to the incidence of common 
scab of potato is of general interest because of its direct effect on the vege¬ 
tative growth and hyphal fragmentation of Actinomyces scabies (Thaxter) 
Gussow and also its effect on the associated soil bacteria and fungi. 

It is not difficult to compare the growth of this pathogen in dry, 
medium, and wet soils, since inoculum of the fungus in a sterilized black 
loam soil produces an excellent vegetative growth under aseptic conditions. 

EXPERIMENTAL 

The soil containers for demonstrating growth of A. scabies in soils 
of different moisture content may be tight-fitting Petri plates, test tubes, 
or, if photographs are desired, small metal boxes, each fitted with a remov¬ 
able glass window and a hole in the cover. Metal boxes 5X5X7 inches 
were used for obtaining the data listed in Table 1. Soils of required moist- 


Table 1.—The observed vegetative growth ok Actinomyces scabies in a steam 
STERILIZED BLACK LOAM SOIL AT DIFFERENT SOIL MOISTURES 


Soil 

water 

content* 

Comparative growth ratingt 

Condition 

of 

soil 

Days after seeding soil 

2 

3 

5 

6 

9 

% 

% 

% 

% 

% 

% 


19 

0 

0 

70 

80 

80 

Very dry 

22 

0 

0 

80 ! 

90 

90 


26 

0 

0 

90 1 

90 

90 


30 

0 

0 

100 

100 

100 

Optimum 

35 

0 

0 

100 ! 

100 

100 


39 

0 

0 

20 j 

60 

90 

Wet 


• Approximate percentage of moisture holding capacity, 
t Average of duplicates. 


ure content were made up according to plan and steam sterilized in Erlen- 
meyer flasks, then aseptically poured into the sterilized boxes. When the 
container was about one-half full, a narrow band of soil next to the window 
was seeded with a very small quantity of soil-spore mixture, which was 
obtained by shaking a small amount of soil over a well matured culture of 
A, scabies. The containers w^ere then filled to the top, the hole plugged 
with cotton, and the edges of the glass sealed with paraffin wax. The 
incubation temperature was 23° C. The moisture content of the soils in 
the different series was approximately 19, 22, 26, 30, 35, and 39% of their 
water-holding capacity. The first soil of this series was too dry for plant 

» Contribution number 810, Division of Botany and Plant Pathology, Science Service. Department of 
Agriculture, Ottawa, Canada. 

* Pathologist-in-Charge. 
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giowth and the last one too wet to handle easily. (Comparative ratings 
of the vegetative growth of A, scabies were made on the fifth, sixth, and 
ninth days after seeding with spores—a value of 10 representing the best 
growth observed on each date. 

Five days after seeding, the observed growth in the dry soil was 30% 
poorer than in the soil of optimum or over-optimum moisture content, but 
about 70% better than that in the wet soil. However, one day later growth 
in the dry soil was only 25% better, and after three days the situation was 



Figure 1. Above—Excellent growth of 
Actinomyces scabies in wet soil (3Q% ni.h.c.). 
Below—Unseedecl soil in which then* are a 
few colonies from seeded strip. 


profusely at optimum moisture content 
favoured by dry conditions and by aginj 


reversed, with growth actually 12% 
better in the wet soil (Figure 1). 
Evidently the pathogen will grow 
surprisingly well in a soil too dry 
for plant growth, although it must 
be remembered that in a closed 
container the soil air would tend to 
be more humid than under field 
conditions. However, according to 
Lebedeff (3) the soil atmosphere is 
usually saturated under field con¬ 
ditions, except the surface layer, 
which occasionally becomesair-diy. 
Undoubtedly .4. scabies giowsfaster 
and produces aerial hyphae more 
, although hyphal fragmentation is 


DISCUSSION 

The effect of soil moisture content on the incidence of potato scab 
may be conveniently reviewed under two headings, viz.: (a) growth of the 
pathogen in the absence of biological antagonism; and {b) in its presence. 

The data in Table 1 are in geneial agreement with the results reported 
(7) earlier from growing A, scabies in a sterilized soil of different moistures 
and counting the colonies obtained from soil dilutions. Lutman, Living¬ 
stone and Schmidt (4) obtained the greatest number of colonies of A, scabies 
during winter from k field soil of high moisture content. Cioss (2) concluded 
from his studies carried out in the greenhouse that “counts of Actinomyces 
in soil dilution plates and on soil slides did not check with each other, nor 
did either show any consistent relation to soil moisture or to scab“. Sanford 
(6), 1923, repor^d severe scab in a naturally infested dry field soil an 
almost clean turcrs in the same soil maintained fairly wet, and as a result 
of other laboratory experiments stated that “favourable conditions for 
giowth of abundant inoculum and foi subsequent growth would not be 
found either in an excessively dry or in a very moist soil, but in one of inter¬ 
mediate moisture content”. It was thought “that in a dry-soil sufficient 
moisture transpired from the tuber to enable spores adhering closely to the 
surface or about the lenticds to germinate and cause infection”. In view 
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of the amount of growth noted in a dry soil in Table 1 the foregoing explana¬ 
tion still seems to have much merit. Of course if the soil were veiy dry 
before tuber formation, conditions would be definitely inimical to the 
viability and persistence of the pathogen and may result in a clean crop. 
Soil aeration in a dry soil under normal conditions would be excellent, and 
it is obvious that the oxygen supply wouk^ still be adequate for the pathogen 
until the soil became quite wet. 

Let us now briefly consider antibiosis to potato scab in dry and wet 
soils. This factor was suggested (7) in 1926. Various degrees of com¬ 
patibility and antagonism between A, scabies and a number of common soil 
bacteria were observed on solid and in liquid media, and it was concluded 
that these relationships would also occur in the soil. Subsequently (9) 
some common soil-inhabiting bacteria were shown to suppress, others kill, 
and still others to have no appreciable ill effect on the pathogen in a steri¬ 
lized soil medium. Millard and Taylor (5) believed that A. praecox sup¬ 
pressed (by competition) the growth of A. scabies in their pot experiments, 
where grass cuttings were mixed in the soil, and they thought that bacteria 
might exercise a similar effect. Goss (2) reported no control from A . praecox 
in a heavily infested, steam sterilized soil, and Sanford (8) also obtained no 
control in a steam sterilized soil with or without green rye added. Dippenaar 
(1) found more Actinomyces than bacteria on .slides buried in a dry soil, 
and the opposite in wet soil—which is not surprising. He concluded that 
the operation of bacterial antagonism to A, scabies in a wet soil explained 
why he obtained more scab in a dry soil than in one of high moisture 
content. Goss (2) obtained reduction of scab in a sterilized soil by adding 
organic manure or filtrates of unsterilized soil, and concluded that the 
reduction was due to a resulting increase of soil saprophytes. 

Evidently biological antagonism must be accepted as an important 
factor in the production of inoculum of A. scabies in field soils. The evid¬ 
ence is also strong that it may be even more effective in reducing or pre¬ 
venting infection of the host. Obviously in a dry soil this antagonism 
would be severely reduced, whereas it would tend to become increasingly 
effective as moisture conditions and available nutrients became more and 
more suitable for the growth of soil saprophytes. Thi is especially true 
if soil bacteria are, in general, more antagonistic than fungi to the pathogen, 
as now seems probable. However, there seems no apparent reason why 
severe scab may not occur in ^^oils of higher moisture content if the develop¬ 
ment of antagonistic micro-organisms in sufficient amount does not happen 
to be favoured by the existing conditions. 

SUMMARY 

The vegetative growth of A. scabies in steam sterilized black loam of 
six moisture contents, ranging from dry to wet, was observed during 9 days 
after ‘seeding* the soil. It was always best at about optimum soil moisture, 
but surprisingly good in both dry and wet soils. At the beginning (5 days), 
growth in the wet soil lagged far behind that in the dry soil, but 4 days 
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later it was equally good or better. Thus, in the absence of effective 
antagonism from associated saprophytes, severe scab may be expected in 
soils high in moisture content, as well as in drier soils. 
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FUSARIVM SAMBUCINUM FKL. F. 6 WR. AS A PATHOGEN 
OF SOME SPECIES OF THE CUCURBIT ACE AE'^ 

L. E. Tyner2 

Dominion Laboratory of Plant Pathology, Edmonton, Alberta 
[Received lor publication February 16. 1945] 

At Brooks, Alberta, in August, 1942, a number of vegetable marrow 
plants were severely wilted. Examination of the crown region of these 
plants revealed an extensive buff-coloured dry rot. A species of Fusarium 
was isolated from the stems and found to be very pathogenic to marrow. 
Dr. W. L. Gordon, of the Dominion Laboratory of Plant Pathology, 
Winnipeg, Manitoba, kindly identified the isolate as Fusarium samhucinum 
Fkl. f. 6 Wr. Only one reference (3) to this form as a pathogen of cucurbits 
was noted in the literature, and in that case it was reported as a cause 
of pumpkin fruit rot. The results of various tests of the pathogenicity of 
F. samhucinum f. 6 to marrows, squash, pumpkin, muskmellon and cucum¬ 
bers are reported in the [)resent paper. 

METHODS AND RESULTS 

Experiment I 

In this experiment the effect of seed treatment upon infection by 
F. samhucinum f. 6 in various soils was investigated. Five samples of local 
soil were taken, viz.. A, B and C, black loam in fallow, after wheat, and 
under sod, respectively; sample D, a leached soil, was taken from under 
poplar trees; and K, one rich in leaf mould, from under willow shrubs. 

Each of the above mentioned soils was placed in 6-inch (lower pots in 
the greenhouse, and 75 grams of soil-grown inoculum of the pathogen was 
mixed with the top 300 grams of soil. Fifty seeds of Imperial Long Green 
cucumber, treated with 1% by weight of 2% C'eresan dust, were planted in 
each of four replicated pots of each soil sample. A like number of inoculated 
pots were planted to 50 untreated seeds. 

The average percentage emergence of the treated and untreated seed, 
respectively, 10 days after planting, was as follows: Soil A—16.4, 5.4; 
Soil B—8, 8.4; Soil C- 17.4, 20.4; Soil D- 38, 6.4; and Soil E--18, 18. 
The germination of this seed in a moist chamber w as 94%. 

The pathogen was very destructive in all cases and the effect of seed 
treatment was not so marked as it might have been under a less severe 
test. Seed treatments in Soils A and D appeared to be innch more effective 
in reducing infection than was the case in the other three soil samples. 
The soils highest in organic matter (C and E) seemed to exert a protective 
effect against the pathogen independent of seed treatment. Moreover, the 
seedlings were most vigorous in ^oil C and least vigorous in Soil B. 

Experiment II 

This experiment was an extension of the study on the effect of seed 
treatment. Twenty seeds of Imperial Long Green cucumber, 8 of Sugar 
pumpkin, 5 of Green Hubbard squash, and 5 of W hite Trailing marrow 

1 Contribution No. 811, Division of Botany and Plant Pathology, Science Service. Department of Agii- 
culture, Ottawa, Canada. 

* Agricultural Scientist. 
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were planted in 6-inch pots, in the greenhouse. P'orty grams of soil-grown 
inoculum of F. sambucinum f. 6 was mixed with v300 grams of soil from the 
top of each pot, and used to cover the seed. The seed for four replicated 
pots was treated with 1% by weight of 2% Ceresan by shaking in a flask 
and separating the seed from the excess dust. The seed for four additional 
replicated pots was untreated. All pots were placed in large metal trays 
to which water was added occasionally in an attempt to ensure equal 
moisture in all pots. In Table 1 the data on living plants are shown for 
11 and 15 days, respectively, after planting. 


Table 1.—Effect of seed treatment on the infection of cucurbit seedlings by 
Fusarium sambucinum f. 6 AT periods of 11 and 15 days after planting 



Living plants as pt‘rccntage of seeds planted 

Host plant 

Treated seed 

1 Untreated seed 


11 days 

15 days 

11 days 

15 days 


% 

% 1 

% 

/O 

Cucumber 

.35 

40 

12.5 

17 5 

Pumpkin 

‘)7 

9 

69 

0 

Squash 

65 

70 

60 

30 

Marrow 

100 

10 

0 

0 


An examination of columns 1 and 3 indicates a marked beneficial 
effect from seed treatment at the 11-day stage in the case of cucumter,- 
pumpkin and marrow. The beneficial effect of seed treatment on squash 
is noted at the end of the fifteenth day. Marrow and pumpkin appear to 
be the most susceptible and squash the least, also it is apparent that the 
fungus is extremely pathogenic. In a greenhouse test of this nature, con¬ 
ditions are made to favour the pathogen at the expense of the host plant. 
It is probable that under field conditions, in a naturally infested soil, seed 
treatment would protect cucurbit seedlings'much more effectively than was 
the case in pots. 

Experiment III 

In this experiment a comparison was made of the pathogenicity of 
three cultures of F, sambucinum f. 6 isolated from an alfalfa root, a potato 
tuber, and a diseased marrow stem. Twenty seeds 'of cucumber, 20 of 
muskmelon, 5 of marrow, and 10 of pumpkin were planted in pots. Forty 
grams of soil-grown inoculum of the three fungus isolates was mixed with 
300 grams fr^ the surface soil of four replicated pots in each case. A like 
number of (mtrol pots received no inoculum. The pots were placed in 
trays to which water was added when necessary. The number of living 
plants at the end of 15 days is indicated in Table 2. 

Of the three strains of F. sambucinum f. 6 under test, only the strain 
from marrow demonstrated pathogenicity, which was very marked. The 
criterion of pathogenicity (2) was used to identify physiologic races of 
F. niveum on watermelon. Apparently a similar situation exists in the 
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Table 2. — Relative pathogenicity of three strains of Fusarium sambncinum f. 6 

TO CUCUMBER, MUSKMRLON, MARROW AND PUMPKIN 


r 


Host plant 

Living plants 15 days after planting as percentage* of 
seeds plant(*d 

Strains isolated from 

Control 

Alfalfa 

Potato 

Marrow 


% 

/o 

% 

% 

CucumiHT 

77 1 

75 

29 

75 

Muskinclon 

78 I 

80 

0 

75 

Marrow 

85 j 

85 

0 

85 

Pumpkin 

72 j 

72 

0 

70 


case of F. sambucinum f. 6. Miller (1) has recently reported on the wide 
variation in pathogenicity to musknielons mutants of a Fusarium 
culture similar to F. hulbi^enum var. niveum f.2. 


Experiment IV 

The effect of soil temperature on the pathogenicity of F. sambucinum 
f. 6 to cucumber and pumpkin was noted in this experiment. One-gallon 
crocks of soil were suspended in tanks of water at constant temperatures 
of 25°, 20°, 15°, and 11° C\ Four of the crocks at each temperature were 
inoculated by mixing 200 grams of soil-grown inoculum of F. sambucinum 
f. 6 with 800 grams of the top soil from the crock. Twenty seeds of cucum¬ 
ber were planted 1 inch deep in this mixture. The soil in four control 
crocks was not infested. The crocks were covered with discs of waxed 
paper until emergence of the seedlings. After 20 days’ growth the plants 
were removed ^nd 12 pumpkin seeds planted in the same soil without the 
addition of any more inoculum. The effect of temperature on host and 
pathogen is indicated in Table 3. 

Table 3.—Effect of soil temperature (Centjukade) on the PATHoiiEMcirv of 
Ftisarium sambucinum f. 6 to cucumbf:r and pumpkin seedlings 


Da\ s 
after 
planting 

Living plants as percentage of seed planted 

Non-inoculated soil 

1 Inocelated soil 

25^^ 

o 

O 

15° 1 ir 

25° 

20° 15° 1 

11° 


% 

1 % 


% 

% % 

% 


Cucumbers 


7 

85 

18 

X 

X 

20 

0 

X 

10 

85 

50 

X 

X 

38 

19 

X 

12 

86 

51 

4 

X 

36 

21 

X 

16 

86 

53 

9 

X 

14 

13 

3 

20 

86 

55 

10 

X 

8 

10 

4 


Pumpkins 


5 

87 

17 

X 

X 

85 

17 

X 

9 

87 

85 

85 

X 

93 

95 

88 

13 

87 

85 

87 

X 

0 ! 

! 15 

88 


X — No emergence. 
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Soil temperatures from 11° to 15° C. were too low for satisfactory 
growth of cucumber seedlings. The pathogen was increasingly virulent 
from 15° to 25° C. Most of the seedlings in the infested soil were killed 
before they could emerge. 

It is indicated that pumpkin is more tolerant than cucumber to low 
soil temperatures. Since a good emergence of the former occurred by 
the ninth day at 15° C., a comparison of the survival data of the pumpkin 
and cucumber plants in the infested soil indicates that the lack of fresh 
inoculum at the time of planting the pumpkin seed definitely reduced early 
mortality. However, the sudden wilting of the seedlings between the 
ninth and thirteenth days shows that the pathogen was still active in the 
replanted soil. 

Experiment V 

The data obtained from the greenhouse work were supplemented by 
field experiments. Seed of pumpkin, squash, and marrow were planted 
May 19 in 12-foot rows, replicated four times. Twenty-five seeds per row 
were planted and 150 grams of soil-grown inoculum of F, sambucinum f. 6 
was added with the seed in the inoculated series. The weather subsequent 
to seeding was unsuitably cool and wet for these plants. By July 5 there 
were 76, 34, and 43 living plants of pumpkin, squash, and marrow, respec¬ 
tively, in the control rows, whereas the corresponding figures for the 
inoculated rows were 2, 8, and 0. Only 1 pumpkin and 3 squash plants 
were living by September 1. When the inoculum was placed in contact 
with the seed only a few plants escaped destruction in the seedling stage 
and most of these succumbed at intervals up to and including the fruiting 
stage. In each case the plant wilted suddenly. Disease symptoms in the 
field and greenhouse were similar. That is to say, the tissue of the stem 
below the soil surface becomes necrotic, dry, breaks off easily, and is of a 
cream-buff colour. 

The growth of the mycelium of the pathogen through the soil was 
demonstrated. Cucumber seeds were planted without inoculum added. 
When the plants were past the seedling stage (July 23), 50 grams of soil- 
grown inoculum of F, sambucinum f. 6 was placed at depths of 2 to 4.5 
inches from the stem. At September 28, none of the 25 plants under test 
had wilted down, but all showed varying degrees of browning of the foliage, 
and few produced fruit. The pathogen was recovered in every case from 
the crown tissue by plating sections in nutrient agar. 

SUMMARY 

Fusarium sambucinum f. 6 was isolated from the stems of wilted 
marrow pla^, and, in experiments in greenhouse and field, shown to 
severely attack and destroy the lower stem-portion of marrow, squash, 
pumpkin, muskmelon, and cucumber plants. Other isolates of this fungus 
from diseased potato tubers and alfalfa roots were not pathogenic to any 
of the cucurbits mentioned. Apparently this is the first record of a physio¬ 
logic form of this species being a major pathogen to cucurbits. The gross 
symptoms of the disease are indicated. 
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RIBOFLAVIN CONTENT OF CANADIAN FEEDSTUFFS^ 

E. V. Evans*, D. M. Young*, and H. D Branion^ 

[Received for publication February 20, 1945] 

The importance of riboflavin in livestock rations, particularly for 
poultry and swine, has been established and widely emphasized within 
recent years. As a consequence, this vitamin is one of the factors which 
must be taken into consideration in the compounding of these rations. It 
is well-known that certain ration components such as milk products and 
some high-potency fermentation products or by-products will supply the 
greater proportion of the ration requirement of riboflavin. Recently, pure 
crystalline riboflavin has been used successfully to replace a large part of 
the riboflavin from these sources. It is also true, however, that many 
other commonly used feedstuffs do contain appreciable amounts of ribo¬ 
flavin, and, depending upon the proportions in which they are included iti 
rations, these materials can make small to moderate contributions toward 
meeting the required riboflavin levels in the rations. The amounts of the 
high-potency riboflavin sources required to be added will, therefore, depend 
to some extent upon the basic constitution of the rations. Another aspect 
which must be borne in mind is the variability in riboflavin content of feed¬ 
stuffs of the same type. 

The published literature records the results of many analyses of feed¬ 
stuffs for their riboflavin content. As has been pointed out elsewhere (1), 
many published tables of vitamin values of feedstuffs quote only “average’' 
values without any indication of the w ide variations which may be encoun¬ 
tered from sample to sample. Information of any kind on the riboflavin 
values of ('anadian feedstuffs has been very limited. 

This report presents information on the riboflavin content of miscel¬ 
laneous Canadian feedstuffs with the major exception of milk products. 
The data reported herein have been accumulated during a period of approxi¬ 
mately four years as a part of an analytical survey of Canadian feedstuffs. 
The results of the riboflavin studies on milk products have already been 
published (1). The results of the general chemical analyses of miscellaneous 
feedstuffs are reported in another paper (2). 

EXPERIMENTAL 

Many of the samples herein discussed were obtained directly from 
producers and distributors in response to requests for samples for this study. 
A much larger number represented bulk lots of feedstuffs obtained by 
departments of the College for use in routine and investigational feeding. 
The remaining few samples came to hand in connection with other aspects 
of the normal activities of the Department of Animal Nutrition. In all 
cases the samples represented feeding-stuffs produced or offered for sale 
in Canada. Complete information on the source and approximate date 
of origin jjr a majority of the samples is on file. 

The microbiological assay method employed for the assays has been 
described previously (1). The remarks made at that time concerning the 

1 A contribution from the Department of Biochemistry, Ontario Research Foundation, Toronto, and the 
Department of Animal Nutrition, Ontario Agricultural College, Guelph. 

* Formerly Research Fellow, Ontario Research Foundation; at present, Assistant Professor of Animal 
Nutrition. Ontario Agricultural College. 

* Formerly Graduate Student In the Department of Animal Nutrition, Ontario Agricultural College; at 
present. Technical Associate, Connaught Laboratories. University of Toronto. 

< Head of the £>epartment of Animal Nutrition. Ontario Agricultural College; at present, on active 
service with the Royal Canadian Air Force. 
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relative reliability of the results are equally applicable to the present work. 
All determinations were conducted on the materials as received, and the 
results are expressed on that basis without any consideration of water 
content. 


RESULTS 

The results of the assays are consc^lidaced in Table 1. Space does not 
permit the reporting of the potencies of the individual samples, but the 
inclusion in the table of the low and high observed values in addition to the 
mean values does serve to illustrate the extent of the variations encountered. 
Standard deviations have binm calculated in those cases where 5 or more 
samples of a particular type of feedstuff were assayed. It should be pointed 
out that the values for the standard deviations are intended to serve only 
as indications of the variations in riboflav in potency of the samples studied, 
th(‘reby compensating somewhat for the omission of the individual figures. 

All the entries in the table were m^le on the basis of the identifying 
descriptions received with the samples. This means that the result for 
each material is included under the classification in which it was sold or 
offered for sale, regardless of whether or not the sample met the standards 
for that clavssification. Some few of the samples represented mixtures of 
unspecified projiortions of two or more products. While these mixtures 
may not be typical of any well-defined classes of feedstuffs, they 
included as a matter of interest. It should be pointed out also that the 
value of the figures reported for the “unspecified” samples of fish meal, 
liver meal and alfalfa meal is limited somewhat b\ the absence of complete 
information on the origin of these samples. 

Perhaps the dominant feature of these results is the moderate to 
extreme variations in the riboflavin content of the “fair” to “good” ribo¬ 
flavin sources such as meat meal, fish meal, liver meal, alfalQi meal, cereal 
grass and yeast. The obvious variability of these feedstuffs emphasizes 
again the possible dangers in the use of so-called “average” riboflavin 
figures in the construction of rations. 

It is possible that the variability in riboflavin content of proceSvSed 
feedstuffs might be reduced by more careful c cnitrol of processing and by 
improvements in the methods involved. The establishment and enforce¬ 
ment of a system of guaranteed riboflavin levels for the important riboflavin 
carriers would undoubtedly be of value to the consumer, in that such would 
eliminate to some extent the uncertainty at present involved in the use of 
these materials. 

SUMMARY 

A total of 241 samples, representing a wide variety of typi's of feed¬ 
stuffs of vegetable and animal origin (excluding milk products), was 
assayed for riboflavin content by the microbiological method. Fish meal, 
liver meal, meat meal, alfalfa meal, cereal grass, soybean oilmeal, and 
yeast were the feedstuff types which were represented by the largest 
numbers of samples. Low, high and mean values were recorded in all 
cases. 

Rather wide variations in riboflavin content were found in many of 
the classes of materials. 
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No. of 
samples 

Riboflavin content (micrograms/gram) 

Feedstuff 

Low 

High 

Mean 

Standard 

deviation 

Feeds of Animal Origin: 






Blood meal 

8 

0.1 

1.1 

0.5 

0.30 

Bone meal (feeding bone) 

2 

0.2 

0.4 

0.3 

— 

Cracklings: 






Cow 

I I 

— 

— 

4.4 

— 

Horse 

1 

— 

— 

3.5 

— 

Fish meal: 

1 





Pilchard 

1 

— 

— 

3.8 

— 

Whitcfish 

2 

5.1 

7.8 

6.5 

— 

Unspecitied 

13 

3.7 

9.6 

6.1 

1.96 

Hoof and horn meal 

1 

— 

— 

0 

— 

Liver meal: 

Cod 

3 

17 

28 

21 

_ 

Pork 

1 

— 

— 

31 

— 

Unspecified 

12 

29 

64 

49 

11.8 

Lung meal 

1 

— 

— 

11 

— 

Lung and liver meal 

3 

13 

21 

18 

— 

Meat meal 

44 

2.4 

8.2 

4.6 

1.42 

Tankage 

6 

1.4 

3.1 

2.2 

0.81 

Feeds of Vegetable Origin: 

Alfalfa meal: 






Dehydrated 

21 

6 4 

20 

14 

3.5 

Suncured 

5 

7.0 

11 

9.3 

1.69 

Unspecitied 

4 

5.3 

11 

8.7 

“ 

Barley: 

Whole grain 

3 

1.3 

1.3 

1 3 

_ 

Beet pulp 

1 

— 

— 

0.7 

— 

Cereal grass 

13 

11 

18 

15 

2 5 

Cereal grass -f dehydrated alfalfa 

1 

— 

— 

15 

— 

Cereal + legume grass 

2 

12 

15 

13.5 

— 

Corn: 






Corn distillers’ dried grains 

1 

— 

— 

3,1 

— 

Corn germ oil meal 

1 

— 

— 

3.0 

— 

Corn gluten feed 

2 

1.5 

1.9 

1.7 

— 

Hominy 

3 

1.3 

2.8 

2.0 

— 

Hominy feed 

1 

— 

— 

1.8 

— 

Whole grain 

7 

1.0 

1.5 

1.1 

0.37 

Cottonseed oil meal 

3 

2.3 

3.8 

3.1 

— 

Linseed oil meal 

6 

1.8 

2.9 

2.1 

0.53 

Oats: 






Groats 

2 

l.l 

1.1 

1.1 

— 

W’hole grain 

2 

1.1 

1.3 

1.2 

— 

Rapeseed oil meal 

1 

— 

I — 

1.8 

— 

Soybean oil meal 

19 

2.3 

3.8 

2.7 

0 52 

• Sunflower seed oil meal 

1 

— 

— 

3.0 

— 

Wheat: 






Bran 

6 

2.6 

3.6 

3.0 

0.40 

Gern^^ 

2 

5.3 

5.7 

5.5 

— 

Shor^P^ 

7 

2.8 

3.8 

3.0 

0.75 

Wheat distillers' dried grains 

2 

2.1 

3.3 

2.7 

— 

Wheat distillers’ dark grains 

2 

3.4 

3.9 

3.7 

— 

Whole grain 

2 

1.0 

1.2 

1.1 

— 

Yeast 

22 

2.7 

89 

36 

20.6 
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PHENOTHIAZINE IN CODLING MOTH CONTROL' 

J. Marshall* 

Dominion Entomological Laboratory, Vernon, B.C. 

[Received for publication February 26, 1945] 

Experiments with phenothiazine as a summer spray for control of the 
codling moth {Carpocapsa pomonella L.) were begun during 1937 and 
carried on until 1944 in the Okanagan Valley of British Columbia. As 
this project has been discontinued for the present, a review of the work 
may be useful. 

LITERATURE 

First reference to the high insecticidal value of phenothiazine was that 
of Campbell, Sullivan, Smith and Haller (1). As prepared in the 
laboratory by one of these authors, thiodiphenylamine (phenothiazine) 
appeared to be even more toxic to mosquito larvae than rotenone. The 
following year Smith and Siegler (6) experimented with phenothiazine for 
control of codling moth and reported that it was fully as effective as lead 
arsenate. Further laboratory work by Siegler, Munger and Smith (5) 
demonstrated that the initial toxicity of pure phenothiazine to codling 
moth was superior to that of lead arsenate. They concluded that as its 
cost should be relatively low for an organic compound, it should hold 
promise as an orchard insecticide. Newcomer (4), after two seasons’ 
experience with phenothiazine in the field, stated that it was more effective 
in controlling the codling moth than any other material tried at Yakima, 
Washington. Used with soap it resulted in half as many wormy apples 
and one-tenth as many stings as an equal amount of lead arsenate with 
soap. He reported, however, that it reduced the red colour of apples to 
some degree and in hot weather had a tendency to irritate the skin of 
orchard workers. 

Phenothiazine is not wetted by water and herein lies one of the diffi¬ 
culties in using the compound as an orchard insecticide. It is readily 
wetted by oil but it was thought for some time that a phenothiazine-oil 
mixture could not be used as a summer application because of the danger 
of foliage injury. Accordingly, adjuvants such as soap or sodium lauryl 
sulphate were suggested, but experiments showed that adhesion of pheno¬ 
thiazine was unsatisfactory with these substances. Not until it was used 
with stove oil did its exceptional toxicity to codling moth larvae become 
fully evident. It was discovered at the same time, that phenothiazine- 
stove oil mixture caused no more injury than phenothiazine alone. 

According to Zukel (7), the action of phenothiazine on the cockroach 
is entirely one of contact. On the other hand, A. D. Heriot***, of the Vernon 
Laboratory, found that undiluted phenothiazine applied as a contact dust 
to codling moth pupae had no effect, whereas a dust of 5% sodium arsenite 
produce4fc8% mortality. 

EXPERIMENTS IN BRITISH COLUMBIA 

The field work with phenothiazine for codling moth control in British 
Columbia has been done in the Okanagan Valley where irrigation is a 

> Contribution No. 2558, Division of Entomology. Science Service, Department of Agriculture, Ottawa, 
Canada. 

* Entomologiat in charge. 

* Unpublished work. 
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necessity and the temperature occasionally exceeds 100° F. The codling 
moth has a heavy second generation and in some years a partial third. 
At the present time its control in most orchards necessitates three lead 
arsenate and two cryolite spray applications, and in some cases fixed 
nicotine-oil is also used for late sprays, (.'asein-lime is the adjuvant with 
both lead arsenate and cryolite in order to ensure a powdery deposit that 
will not be difficult to remove with fruii wipers. Heavy sp)raying is the 
rule, in many orchards about one gallon spray liquid being applied in each 
treatment for each box of maximum crop production. 

Hoy (3) has reviewed the ex{)erimenlal use of phenothiazine for 
codling moth control, in British Columbia up to 1942. Revsults reported 
by Hoy, together with those for 1943 and 1944, are brought together in 
Table 1. The experimental plots varied in size from 6 to 10 trees; variety 
as a rule was McIntosh. Check p)lots .xljoined the experimentally treated 
plots. 

Data with respect to materials au : 

Stove oil: 31.7 S.S.IJ. Vis. 100° F., 86% U.R. (A.O.A.C.) 

Summer oil: 69 S.S.U. Vis. 100° F., 77% U.R. (A.O.A.C.) 

Casein-lime: casein 10%, hydrated lime 90%. 

Phenothiazine was obtained each year from Du Pont Chemicals, 
through Canadian Industries Ltd. 

In 1937 and 1938 the phenothiazine was not micronized and coiilained 
a wetting agent of unknown composition. Control of codling moth was 
somewhat similar to that from lead arsenale-('asein-lime on a pound-for- 
p)ound basis. A micronized product was obtained in 1941 and when wetted 
with stove oil and dispersed with soap (monoethanolamine oleate) this very 
finely divided material apj)eared to be about twice as elTective as the 
phenothiazine applied previously. In 1942 when it was used in the same 
way but at reduced concentration and in all applications instead of the 
last two or three, it gave even more effective control. 

Soap for dispersion of oil-wetted phenolliia/inc was not entirely satis¬ 
factory. It produced an unstable mixture that adhered strongly to the 
spray tank and spray hoses so that the amount of insec*licide deposited on 
the fruit was less than indicated by its c'oncentration in the tank. A 
hydrophilic colloid, c'asein-lime, was substituted for soap in 1943. That 
year, phenothiazine 1 pound j)er 100 Imperial gallons, w tted by stove oil 
1 quart, when u.sed in all cover sprays, resulted in better c'odling moth 
control than the standard growers’ schedule consisting of lead aisenate 
4 pounds, casein-lime 4 ounces, in early sprays and cryolite 4 pounds, 
casein-lime 4 ounces, in later st-niys. 

Micronized phenothiazine wetted with stove oil or summer oil and 
dispersed with casein-lime was applied lo seven separate plots invoh'ing 
about 1.5 acres of large trees in 1944. Once again it proved at least four 
times as eflfective as lead arsenate or cryolite. 

Although in all the British Columbia work the number of stung fruits 
was, with one exception, less in the phenothiazine plots than in the lead 
arsenate or cryolite checks, it did not drop to a degree comparable with the 
1 ; 10 ratio for total stings noted by Newcomer (4). 
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Table 1,—Phenothiazine in codling moth control 


Year 

Materials per 100 Imp. f;al. 

Cover 

sprays 

Percentage injured 
fruits 


applied 

Stung 

Wormy 

1937 

Phenothiazine 2 lb. (unknown wetting agent) 

4 

13.4 

21.0 


l.ead arsenate 3.2 lb., casein-lime 4 oz. 

4 

15.6 

5.1 

1937 

Phenothiazine 3 lb. (unknown wetting agent) 

4 

2.5 

7.5 


Lead arsenate 3.2 lb., casein-lime 4 oz. 

4 

1.5 

2.5 

1938 

Phenothiazine 3.75 lb. (unknown w(‘tting agent) 

Last 2 of 5 

3.0 

2.2 


Lead arsenate 3.75 lb., casein-lime 4 oz. 

5 

6.3 

2.4 

1941 

Phenothiazine (micronized) 1.8 lb., stove oil 

1 qt., monoethanolaniinc oleate 0.5 lb. 

Lead arsenate 3.75 lb., casein-lime 4 oz. 

Cryolite 3.75 lb., casein-lime 4 oz. 

Last 3 of 6 
■ *1 

5.6 

9.8 

9.8 

10.9 

1942 

Phenothiazine (micronized) 1.8 lb., stove oil 

1 qt., monoethanolamine oleate 0.5 lb. 

5 

0.9 

1.4 


Lead arsenate 3.75 lb., casein-lime 4 oz. 

Cryolite 3.75 lb., casein-lime 4 oz. 

51 

1.8 

3.5 

1943 

Phenothiazine (micronized) 1 lb., stove oil 1 qt. 
casein-lime 4 oz. 

5 

1.0 

7.6 


Lead arsenate 4 Ib., ca&ein-lime 4 oz. 

Cryolite 4 lb., casein-lime 4 oz. 

2f 

4.4 

25.7 

1944 

Phenothiazine (micronized) 1 lb., stove oil 1 qt. 
casein-lime 3 oz. 

5 

0.6 

1.8 


Cry’olite 4 lb., casein-limt 4 oz. 

5 

0.7 

2.8 

1944 

Phenothiazine (micronized) 0 5 lb., stove oil 

1 pt., casein-lime 3 oz. 

5 

0.4 

5.0 


Cryolite 4 lb., casein-lime 4 oz. 

5 

1.1 

3.6 

1944 

Phenothiazine (micronized) 1 Ib., stove oil 1 qt., 
cascin-lime 4 oz. 

First 4* of 5 

4.6 

8.2t 


Cryolite 4 Uj., summer oil 1 qt. 

Cryolite 4 lb., summer oil 2 qt. 

2i 

8.8 

8.8 

1944 

Phenothiazine (micronized) 0 5 lb., stov<* 
oil 1 pt., casein-lime 4 oz. 

First 4* of 5 

4.8 

6.2 


Cryolite 4 lb., summer oil 1 qt. 

Cryolite 4 lb., summer oil 2 qt. 

3\ 

2/ 

7.4 

9.8 

1944 

Phenothiazine (micronized) 0.5 lb., suniiiier oil 

1 pt., casein-lime 4 oz. 

First 4* of 5 

4.6 

00 


Cryolite 4 lb., summer oil 1 qt. 

Cryolite 4 lb., summer oil 2 qt. 


8.8 

8.8 


• Last cover spray fixed nicotinc'sunmier oil. 

t Infestation on these trees much heavier in 194.^ than on tliose of sucreeding two phenothiaxine plots. 
That may have accounted for there beins no apparent improvement in control in 1944 twice with the concen¬ 
tration of phenothiazine. 



The most effective phenothiazine mixture was prepared by stirring 
phenothiazine into stove oil and in turn’beating this mixture into an equal 
quantity of water-casein-lime mixture. The whole was than poured into 
the spray tank while the tank was being filled and with agitators in opera¬ 
tion. In such a spray mixture the phenothiazine-stove oil is at first 
dispersed in huge and most unpromising floes, but providing agitation is 
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adequate, the floes gradually become smaller. No difficulty was experienced 
with the mixture either in stationary or portable equipment. 

According to Cut right (2), phenothiazine favours development of the 
European red mite {Paratetranychits pilosus & h".) in Ohio. During 
1944 this effect w’^as also noted in British ('olumbia. For example, in one 
plot where phenothiazine was used, the average number of F'uropean red 
mites per leaf on September 5 w^as 33.6. The adjoining check plot sprayed 
throughout the season with cryolite-casein-lime (itself a mixture apparently 
favouring mite development) had an average number of 19.1 mites per leaf. 
A second phenothiazine plot averaged 41.8 mites and its adjoining check 
plot, 13.9 mites per leaf. Differences were consistent from tree to tree. 
In another orchard, it was apparent that phenothiazine also favoured 
development of the Pacific mite {Tetranychus pacificus McG.), although no 
population records w^ere taken. If phenothiazine should come to be 
generally u.sed for codling moth control, its unfavourable effect in so far 
as orchard mites are concerned will have to be taken into account. Evidently 
that effect may be oiTset to a large degree by u^e of fixed nicotine-summer 
oil for second brood application. 

Under Okanagan \ alley conditions, it is believed that micronized 
phenothiazine, if available at a reasonable price, could c*fifectively replace 
lead arsenate which now^ is used 'I'nly in early sprays. Since late applications 
of phenothiazine have a tendency to affect fruit coloration, second-brood 
phenothiazine sprays vseem less suitable. Incidentally, elimination of lead 
arsenate from the Okanagan spray schedule is definitely desirable not 
merely because that compound leaves a highly objectionable residue on the 
fruit, but because it results in a toxic soil condition if heavily applied year 
after year. 

SUMMARY 

1. ICxperimenls with phenothiazine for control of the codling moth 
{Carpocapsa ponwnella L.) were carried on in British ('oluinbia from 1937 
to 1944. They have been briefly reviewed. 

2. The phenothiazine used from 1937 to 1941 had about the same 
effect as lead arsenate* against codling moth. The [)article size of this 
material was evidently too gre.it. When micronized, however, and used 
wnth a small quantity of stove oil, phenothiazine pound-for-pound w^as 
about four times as effective as lead arsenate. 

3. Phenothiazine evidently tavoured the development of European 
red mite {Parafeiranychits pilosus C. & F.) and Pacific Mite [Tetranychus 
pacificus AicG.). 

4. Should micronized pli«‘nothiazine become available at a reasonable 
price it might help to eliminate lead arsenate from the British Columbia 
spray schedule for apples. It seems preferable to use it in early cover 
sprays rather than in the later applications. 
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FURTHER BACTERIOLOGICAL STUDIES RELATING 
TO EGG DRYING’ 

C. K. Johns’ and H. L. Berakd’ 

Science Service, Ottawa, Ontario 
(Received for publication March 15. 1945] 

In a previous publication (9) the standards and procedures employed 
in the bacteriological control of Canadian dried eggs for export to Britain 
were described, together with some of the results for 1943. Studies con¬ 
ducted during the latter half of 1943 with the direct microscopic count (10) 
indicated that this method had considerable value in reflecting the care 
given the melange before drying. On the other hand, analysis of the results 
obtained in testing for the presence coliform organisms and Escherichia 
coli indicated little or no correlation with plate counts of viable organisms, 
direct microscopic counts, the presence of Salmonella species or the results 
of plant sanitation surveys. The determination of coliform organisms and 
£. coli in Grade A powder was therefore dropped for 1944, a direct micro¬ 
scopic count of 2,000,000 per gram being substituted for it. 

RESUME OF RESULTS OF 1944 OPERATIONS 

As will be evident from the data in Table 1, the over-all picture as 
judged by the plate count of viable organisms was very satisfactory. The 
improvement in average counts over 1943 paralleled improvements brought 
about in the drying plants following plant sanitation surveys, supplemented 
by routine checks conducted by the resident inspectors using the Burri 
slant technique (8). With the direct microscopic counts, on the other 
hand, a very different picture was obtained. W hile gratifyingly low during 
the first four months, they then rose to quite high levels, remaining so until 
December. Had our analyses been confined to the plate count, we would 
have remained ignorant of the changed situation. 

During the fourth week of May, unusually high direct microscopic 
counts appeared with dramatic suddenness in the powder from 3 of the 5 
Western drying plants (Table 2). In each instance the high count was 
due to the presence of a short, plump rod, occurring in chains of up to 10 
cells, and easily mistaken for a streptococcus. For convenience, this was 
referred to as the Y organism. It was never isolated from samples of 
powder received at Ottawa, while attempts to isolate it from numerous 
samples of melange and powder at the plants soon after the outbreaks met 
with no success. Plating powder on media containing sterile uiiheated 
egg, and incubating plates at temperatures ranging from 38° F. (3.3° C.) 
to 112° F. (44.4° C.) failed to bring about any significant increase over the 
standard plate count (1, 9), again suggesting that the organism did not 
survive the drying process. 

In investigating this outbreak, samples were obtained from the start 
and finish of 3 days’ drying at the two plants (A and C) where the Y 
organism first showed up, to determine whether or not any “build-up” in 
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Service, Dominion Department of Agriculture, Ottawa. Issued as paper No. 133 of the Canadian Committee 
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count took place during the day’s operations. (Previous experience had 
indicated the value of this practice in seeking the cause of high counts.) 
However, the results (Table 3) failed to indicate any consistent increase in 
count during the day’s operations. 

Because the appearance of the Y organism coincided with the change to 
a different batch of North’s stain (1, 10), it was thought the explanation 
might lie in the ability of the new batch of stain to bring out this organism 
on stained smears, which previous batches had failed to do. However, 
subsequent comparative tests with old and new stains showed the Y 
organism to stain equally well with either, so this hypothesis had to be 
discarded. 

The high counts due to the Y organism disappeared as suddenly as 
they had appeared. The organism appeared in powder made at 4 of the 
5 plants in Western Canada, and was never seen in more than two carlots 
from any one plant. All available evidence suggested that the sporadic 
appearance of this organism in such large numbers could be attributed to 
its having invaded the contents of a small percentage of eggs; these being 
held at higher than average temperatures for longer periods than is cus¬ 
tomary, the organisms multiplied extensively without causing sufficient 
change in the appearance or odour of the eggs to enable the breaker to 
detect and discard them. 

That high counts could be due to the eggs themselves, and not to 
faulty plant practice, was difficult to believe in view of the previous findings 
on the bacterial content of shell eggs as broken out in 2 Canadian drying 
plants (6, 7) supplemented by periodical counts at breaking and drying 
plants thoughout Canada. Such findings had confirmed the conclusion 
reached by previous investigators that good quality shell eggs contain 
relatively few bacteria. However, evidence accumulated since May, 1944 
has necessitated some modification of this view. 

Shortly after the epidemic of high counts in the West, there was a 
general rise in the level of microscopic counts on powder from all over the 
country. This is clearly seen in Figure 1, showing the microscopic counts 
of consecutive carlot samples of Grade A powder. The general level of 
counts continued to rise until October, following which there was some 
decline. On the other hand, this seasonal rise was not evident in the plate 
counts (Figure 2 and Table 1). Since plant sanitation and practices were 
generally superior to those of the previous year, it seemed most unlikely 
that these higher levels of microscopic counts could be attributed to faulty 
plant operations. 

The first indication that high counts might be coming from the eggs 
themselves was ol^ined in one of the Western plants at the end of May, 
1944. This plan^Plant E) had had trouble with high counts for some 
weeks prior to the appearance of the Y organism (Table 2). Investigation 
revealed that, because of the extreme shortage of cold storage facilities, 
eggs had been broken directly out of cars, the temperature of which at 
times had exceeded 60° F. Melange prepared during the day was pumped 
into portable 80-gallon holding tanks and run into a cold room held at 
around the freezing point. Some of this melange would be held for up to 
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16 hours before being dried. With the slow rate of cooling of such large 
masses of viscous material in still air (2), considerable bacterial development 
could be expected. 

This plant had two cars of eggs in storage; both had been “spotted” 
on May 15th and were held “on track” until unloaded on the 22nd. At 
that time temperatures of 60° and 65° F. were recorded inside the cars. 
These eggs were then placed in storage at 30° 1'. In order to get some idea 
of the bacterial content, it was decided to select 5 representative cases from 
each carlot, and to have thcvse eggs broken by experienced breakers using 
specially sterilized equipment. This was done on May 29th. Six pailfuls 
of melange were then selected from t^ach carlot, mixed as thoroughly as 
possible by beating with long handled spoons, and samples taken for 
analysis, h'rom each sample a Burri slant was prepared and incubated at 
room temperature for three days. In addition, a direct microscopic smear 
was made using the technique of Mallmann and Churchill (12). 

Because of the uneven distribution of bacteria on these smears, it was 
not possible to draw valid conclusions concerning the bacterial contents by 
microscopic examination. The Burri slants, however, ( bable 4) indicated 
marked variations from one pail of melange to the next. Furthermore, it 
was significant that the high count slants showed practically pure cultures, 
in striking contrast to the heterogeneous flora obtained from swab tests on 
on breaking equipment (I'igure 3). 'I'his strongK’ suggested that the high 
counts were attributable to the inclusion of an oct asional egg which, while 
normal in odour and appearance, contained enornK)Us numbers of bacteria. 



F'igure 3. Burri slants prepared from pails of melanvje (A to F) and from 
swabbing of a breaking cup (9). 
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Evidence pointing in this direction accumulated as the summer went 
on. Burri slant determinations made at breaking plants throughout 
Canada showed a much higher level of counts from May on without any 
evidence of a let-down in sanitation in the plants. Again, the chemist at 
one Ontario drying plant frequently broke out 90 to 100 eggs from a current 
carlot. Each egg was carefully checked for abnormality, then a Burri 
slant prepared. Occasionally the slant from a single apparently normal 
egg would be so heavily overgrown that it could not be counted, while the 
remainder would show few, if any, colonies. Slants made after beating the 
entire batch of eggs in a sterilized pail would show counts in the millions, 
and of the type of organism found on the slant from the high count egg. 
At this plant, later on in August, the writer prepared triplicate Burri slants 
from 30 pails of melange broken out with special precautions to reduce 
contamination, with the results shown in Table 5. Here again it was 
found that the high count slants showed practically pure cultures, strongly 
suggesting that a single egg was responsible for the high count on the 
pailful of melange. 

Although a number of independent breaking plants broke and froze 
eggs for subsequent drying, the volume of eggs handled by the Special 
Products Board in 1944 was so great"* that from early May on it was 
impossible to find sufficient first-class shell egg storage. Unfortunately, 
this coincided with the appearance of unusually warm weather, tempera¬ 
tures approaching or exceeding 90® F. being recorded in May from Quebec 
to Alberta. As a result, eggs were held for longer periods at higher tempera¬ 
tures than are recommended. Under these conditions, it is understandable 
that organisms capable of infecting and growing in the egg might multiply 
enormously before the egg was placed in proper cold storage. Subsequent 
growth would depend upon the ability of the invading organism to grow at 
around 30® F. The presence of a small proportion of such eggs, which 
could not be detected by appearance or odour, would account for the 
marked rise in counts noted. 

EXPERIMENTS WITH ORGANISMS ISOLATED FROM HIGH 
COUNT EGGS OR MELANGE 

In order to determine the infective ability of organisms isolated from 
individual eggs or carefully prepared melange, fresh eggs were obtained on 
several occasions through the courtesy of the Poultry Division, Central 
Experimental Farm. 'These were warmed for several hours at body 
temperature, then immersed for 1 to 2 minutes in cold susptensions of the 
organisms to be tested, after the technique devised by Haines and Moran 
(4) for infecting eggs without rupturing the shell. The cultures employed 
included species of Achromobacter, Flavobacterium and Pseudomonas, In the 
earlier experimentAhe eggs, after immersion in the bacterial suspensions, 
were held at 58 to 60® F. with a relative humidity of 50%. From 4 to 5 
weeks later the eggs were broken out individually, using an ordinary egg 
breaking knife and cup which were washed, then treated in Roccal solution 
(1 : 500) for 2 minutes, after each using. The broken-out eggs were placed 
in sterile jars and examined for odour and appearance by members of the 
laboratory staff as well as by specialists from the Poultry Products Division, 

* Purchases during the first 6 months of 1944 were 212% of those for the same period of 1943. 
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Marketing Service, Department of Agriculture. On one occasion, 2 eggs 
infected with an Achromobacter species, and showing plate counts after 3 
days at 86° F. (30° C.) of 2,500,000,000 and 2,800,000,000 per gram, 
respectively, had a definitely odour, together with weak or stuck 

yolk. All other eggs were passed as being of acceptable quality, yet counts 
as high as 1,400,000,000 per gram were obtained (Table 6). 

In a later series of tests, fresh eggs were exposed to infection as 
previously described, held for 1 week at 58° F., then at 40° F. for 7 weeks 
before being broken out. In this experiment, only the eggs exposed to the 
Pseudomonas cultures were found to contain significant numbers of bacteria 
(Table 7). Subsequent tests on the growth range of the various cultures 
used in inoculation experiments showed only the Pseudomonas species to 
be capable of strong growth at 40° F. or lower. The presence of the 
Achromobacter and Flavobacterium species in very large numbers in appar¬ 
ently normal eggs (Table 6) is strong presumptive evidence that the eggs 
in question had been stored at temperatures well above 40° F. for consider¬ 
able periods before going into proper shell egg storage. 

DETECTION OF HIGH COUNT “NORMAL” EGGS BY THEIR FLUORESCENCE 

While it is now' generally accepted that the majority of eggs as laid 
are free from micro-organisms, the possibility that eggs may carry large 
numbers of bacteria without any evident change in odour or appearance 
has been recognized (5, 14). In the Soutlnveslern section of the United 
States it is not uncommon during W’et weather in early spring to find such 
eggs in significant numbers (13). Since the majority of the bacteria 
isolated from such eggs are species of Pseudomonas, and since the members 
of this genus are known to produce substances Huorescing under ultra¬ 
violet light, the possibility of detecting such eggs at the time of breaking 
has been explored by some of the larger egg-breaking concerns there. It 
has been reported (13) that in one plant where special ultra-violet lamps 
replaced the ordinary illumination in the breaking room, it was possible, 
by rejection of eggs showing fluorescence, to reduce the counts on melange 
to one-fortieth of the previous count. While the majority of the cultures 
isolated in our laboratory w^ere not Pseudomonas species, it seemed W’orth 
while determining the value of the ultra-violet lamp in the detection of 
these apparently normal high count eggs in Canada. 

Through the courtesy of Swift and Company, Chicago, one of the 
special ultra-violet lamps from their Research Laboratories was made 
available for tests on storage eggs at Plant H. An assistant, whose knowl¬ 
edge of egg quality was w^ell above average, w as assigned to break out the 
eggs. As wide a selection as pos.sible w-as obtained by picking a few^ eggs 
from each case as they were transferred to the shell egg buckets. Fach egg 
was broken separately into a special black enamelled cup and checked fur 
odour, appearance and fluorescence. If normal in odour and appearance, 
yet showing fluorescence, the degree of fluorescence w as estimated and the 
egg transferred to a sterile screw'-capped jar. It w’as then shaken vigorously 
to emulsify it, and a Burri slant prepared. The knife and cup were replaced 
each time a fluorescent egg or '‘reject” was encountered. In order to 
check on the possibility of high counts from non-fluorescent eggs, 69 eggs 
showing no fluorescence and 19 showdng doubtful fluorescence w’ere 
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examined bacteriologically. Burri slants were incubated at 70° to 80° F, 
(21° to 27° C.) for 3 days before being counted. 

The results obtained from the examination of 240 eggs are summarized 
in Table 8. Although there is some correlation between count and degree 
of fluorescence, there are many discrepancies. If an egg showing 3 + or 
greater is regarded as definitely fluorescent, 31.3% of such eggs had counts 
under 2,000, 53% under 10,000, and 75% under 40,000 per gram. Thus 
if all eggs showing definite fluorescence were discarded it would mean the 
rejection of a considerable percentage which were otherwise acceptable. 

On the other hand, the data show that high count eggs do not always 
show fluorescence. Results obtained in the analysis of 348 storage eggs 
in August, 1943 (6) showed only 2.3% with counts in excess of 40,000 per 
gram. Taking this as the maximum acceptable count, it will be seen that 
in the present studies only 8 of the 28 eggs in this group showed definite 
fluorescence as defined above. Among the remaining 20 eggs are two with 
counts of more than 10,000,000 and 20,000,000 per gram, respectively. 
While the elimination of those eggs showing strong fluorescence would help 
in reducing the count, it would not prevent the occcisional acceptance of 
eggs with very high counts, while at the same time rejecting a number of 
acceptable eggs. 

In our studies with cultures isolated from apparently normal eggs, 
definite fluorescence was noted on eggs experimentally infected with 
Achromobacter and Flavobacierium species as well as wdth Pseudomonas 
when held at 58 to 60° F. (Table 6). To determine w^hether there was any 
correlation between the type of organism and the degree of fluorescence of 
the naturally infected egg (Table 8), cultures isolated from high count eggs 
were identified as to genus. The results (Table 9) indicate no definite 
correlation. Achromobacter and Flavobacierium species \vere isolated from 
eggs showing medium to strong fluorescence, while 1 of the 3 eggs from 
which a Pseudomonas species was isolated showed little or no fluorescence. 
However, the bacterial contents of the eggs infected wdth Pseudomonas 
species were much lower than those generally encountered where Achromo¬ 
bacter or Flavobacierium species were found. It is of interest to record that 
although the Pseudomonas species were the only ones showing strong growth 
at 29° F. ( — 2° C.) within 2 w^eeks, all but one of the other cultures showed 
moderate growth at this temperature after 5 weeks, while all showed good 
growth at 40° F. (4° C.) after 1 week. 

THE PRESENCE OF STREPTOCOCCUS FAECALIS IN EGG POWDER 

In view of the assertion that Streptococcus faecalis, an organism 
commonly isolated from the intestinal contents of man and other animals, 
is one of the commonest species found in egg powder, two representative 
colonies were pic^d from plates poured from 38 Grade A and 12 Grade B 
carlot samples. These included powder from each of 8 drying plants. Of 
96 such cultures studied in detail, only 3 proved to be S. faecalis. As had 
been found in 1943, the commonest type of organism appearing on plates 
of tryptone-glucose-extract-skimmilk agar incubated for 48 hours at 37° C. 
(98.6° F.) was a streptococcus, so far unidentified, which forms small 
amounts of acid but fails to curdle litmus milk at room tefnperature or 
30° C. (86° F.). 
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DISCUSSION 

The experience of the past summer suggests the need for revising our 
opinion regarding the sanitary significance of high direct microscopic 
counts in dried whole egg powder. Previously we would h ive been in 
entire agreement with the statement of Lepper, Bartram an<f Hillig (11) 
that, ‘'In no instance did dried eggs show a microscopic coufit exceeding 

10 million per gram.when they were prepared froni sound raw 

material. In all cases where these counts were exceeded, d( < omposed or 
rotten eggs had been incorporated in the product or the eg s had been 
subjected to conditions after breaking-out which permitted th m to sour.** 
For at least some of the high count samples examined here in P'44, we have 
reason to believe that this statement would not hold true. 4 u^re was no 
temptation for a dryer to use sub-standard eggs, since the Spe( ial Products 
Board furnished graded eggs and maintained a resident ins) ctor at the 
plant. Furthermore, the dryer was faced with a stiff financi. 1 penalty if 
his product failed to meet the bacteriological specifications. ( ' nsequently, 
dryers were very particular about the quality of eggs broken ( at. 

Although the results obtained in 1944 indicate that s -me caution 
must be observed in interpreting high direct microscopic cour s, it should 
not be concluded that such counts are of little value in controllin g sanitation 
and plant practices. As will be seen from the data in Table !' >. there have 
been several instances in which faulty practices such as inadec; late cooling 
of melange were not reflected in the viable count or pH value of i he powder, 
but were detected through the direct microscopic count. High microscopic 
counts due to the eggs themselves are largely, if not entirely, made up of 
rod forms; those due to faulty plant practices, on the otluhand, are 
usually made up mainly of paired cocci, resembling the pictun obtained in 
souring milk. This distinction has often proven to be of real value when 
the cause of a high count is being sought. 

The direct microscopic count is particularly valuable in th:: r it docs not 
appear to be affected by conditions of drying and subsequeiii storage to 
the same degree as is the viable count. Plants vary greath’ i i the degree 
of bacterial destruction brought about by the drying process, is indicated 
by the data shown in Table 11. Without the direct micros. )[)ic count, 
some plants would be credited with doing a much better job li.an they are 
actually doing, while the converse would hold true for othe s. Studies 
intended to throw some light on the reasons for these difiference.*- in bacterial 
destruction between plants are under way during the 1945 dr ing season. 

SUMMARY 

As judged by plate counts, the bacteriological condition of Canadian 
dried eggs in 1944 was very satisfactory. 

Unusually high direct microscopic counts were noted from May on. 
While a few of these were attributable to inadequate cooling of melange due 
to refrigeration failures, the majority were due to the inclusion of a small 
percentage of eggs which, while apparently normal in appi arance and 
odour, yet contained enormous numbers of bacteria. Fluorescence under 
ultra-violet light was of limited value in the detection of such ('ggs. 




560 


SCIENTIFIC AGRICULTURE 


IVOI. 25 


While a high direct microscopic count cannot always be regarded as 
an indication of faulty plant practice, the method can yield information in 
this regard which is not always obtainable through the plate count or pH 
value. 
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Table 1.—Monthly arithmetical averages of bacteria counts for Canadian 
grade a dried whole egg powder, 1943-1944 


Month 

Plate count 
(thousands per gram) 

Direct 

microscopic count 
(thousands per gitim) 
1944 

Percentage 

over 

2,000,000 

1943 

1944 

January 

84 

27.5 

130 

0 

February 

409 

82 

250 

0 

March 

A 160 

86 

321 

0 

April 

120 

58.4 

267 

0 

May 

80 

75.5 

1,785 

17.1 

June 

139 

68 

1,652 

25.5 

July 

90 

115 

4,642 

37.2 

August 

130 

112 

3,522 

48.9 

September 

94 

119 

3,998 

47.7 

October 

102 

101 

4,436 

62.5 

November 

681 

143 

4,595 

42.5 

December 

376 

131 

1,810 

33.3 
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Table 2.—Bacteria counts on consecutive carlot samples of 

GRADE A POWDER FROM WESTERN CANADIAN PLANTS 





Count per gram 


Date analysed 










Direct microscopic 

Plate 

A H-18 

April 22 

< 70,000 

17,000 


[- 2 

May 3 

< 70,000 

9,800 


1-12 

May 13 

< 70,000 

12,000 


1-19 

May 24 

22,000.000 Y 

28,000 


[-30 

June 3 

340,000 

22,000 

B H-10 

April 15 

70,000 

18,000 

H-24 

May 1 

150,000 

9,500 

J-12 

May 13 

^90,000 

10,000 

J-24 

May 29 

2,700.000 

4.900 

K- 9 

June IS 

2,200,000 

7,100 

K-17 

June 17 

6 000,000 Y 

36,000 

K-23 

June 23 

590,000 

12,000 

C H-30 

May 4 

220,000 

83,000 

J- 5 

May 8 

1,300.000 

44,000 

J-10 

May 15 

510,000 

45,000 


[-18 

May 25 

4,400,000 Y 

25,000 


[-25 

May 23 

440,000 

33,000 

J-30 

June 2 

660,000 

13,000 

K- 5 

June 7 

70.000 

37,000 

D J- 1 

May 3 

220,000 

6,800 

J- 4 

May 9 

< 70,000 

8,100 

J-10 

May 12 

< 70,000 

11,000 


f-14 

May 16 

810,000 

7,900 


[-17 

May 19 

660,000 

8,700 

J-22 

May 24 

510,000 

10,000 

J-23 

May 27 

10,000,000 Y 

2,300 

J-26 

May 27 

340,000 

5,300 

E H~20 

April 26 

810,000 

220,000 

J- 4 

May 9 

1,300,000 

530,000 

J-15 

May 16 

4,100,000 

740,000 

J-27 

May 31 

2,700.000 

37,000 

K- 6 

June 7 

810,000 

25,000 

K-20 

June 29 

220,000 

65,000 


Y “ high count due to Y organism. 


Table 3.—Bacteria counts on special samples of grade a powder 
FROM two Western Canadian plants, 1944 


Plant 

Time of sampling 

Direct microscopic count 

Plate con 


Start of run. May 25 

19,000,000 

V 

8,600 


Finish of run, May 25 

23,000,000 


23,000 

A 

Start of run, Mav 26 

18,000,000 

V 

9,100 


Finish of run, Mav 26 

140,000,000 

V 

83.000 


Start of run, Mav 27 

17,000 000 

Y 

10,000 


Finish of run, May 27 

7,300,000 

Y 

88,000 


Start of run. May 26 

17,000 000 


8,300 


Finish of run, May 26 

6,600,000 

Y 

38,000 

C 

Start of run, May 27 

21,000,000 


20,000 


Finish of run, May 27 

8,400,000 

Y 

20,000 


Start of run, May 28 

7,000,000 

Y 

10,000 


Finish of run. May 28 

12,000,000 

V 

11,000 


Y » liigh count due to Y organism. 
Average length of run » 21 hours. 






562 


SCIENTIFIC AGRICULTURE 


[Vol. 25 


Table 4.—Counts obtained by burri slant method on pails of 

MELANGE BROKEN OUT WITH SPECIAL PRECAUTIONS. 

Plant E, May 29, 1944 


Lot No. 

Pail No. 

Count per gram 

2529 

1 

1,400,000 


2 

< 2,000 


3 

4,000 


4 

10,000 


5 

20,000 


6 

320,000 

2536 

1 

300,000 


2 

22,000 


3 

58,000 


4 

10,000 


5 . 

600,000 


6 

4,000 


Table 5.—Counts obtained by burri slant method on pails of melange broken 
OUT WITH special PRECAUTIONS. PLANT H, August 23-24, 1944 


. Lot No. 

2172 

3204 

2167 

2167 

2167 

Time of sampling 

23rd a.m. 

23rd p.m. 

24th a.m. 

24th a.m. 

24th a.m. 


Pail No. 

Count per gram 

1 

2,000 

3,700,000 

800,000 

8,000 

2,000 

2 

1,000 

3,200,000 

1,100,000 

2,400,000 

3.800,000 

3 

1,600,000 

1,400,000 

7,000 

900,000 

1,600,000 

4 

1,500,000 

4,000,000 

2,000,000 

3,000,000 

4,000 

5 

1,000 

1,100,000 

4,000,000 

3,800,000 

1,200,000 

6 

1,300,000 

1,200,000 

16,000 

700,000 

46,000 


Table 6.—Results of examination of eggs exposed to infection with cultures of 

BACTERIA ISOLATED FROM APPARENTLY NORMAL EGGS 


Culture 

Species 

Storage conditions 

Fluorescence 

Plate count per gram 

A 

Achron^ttacter 

4 weeks, 58-60® F. 

+ + + 

2,500,000,000 

B 1 

Flavobacterium 

4 weeks, 58-60® F. 

? 

300,000,000 

E 

Pseudomonas 

4 weeks, 58-60® F. 

? 

120,000 

K 

Pseudomonas 

4 weeks, 58-60° F. 

+ + + + i 

260,000,000 

N 

Achromohacter 

4 weeks, 58-60° F. 


160,000,000 

A 

Achromobacter 

5 weeks, 58-60° F. 

? 

2,800,000,000 

B 1 

Flavobacterium 

5 weeks, 58*60° F. 

+ + + 

86,000,000 

J 

Flavobacterium 

5 weeks, 58-60° F. 

? 

800,000,000 

K 5 

Flavobacterium 

5 weeks, 58-60° F. 

? 

1,400,000,000 

R 

Achromohacter 

5 weeks, 58-60° F. 

+ + 

84,000,000 










May, 1945] Johns and berard—studies relating to egg drying 563 

Table 7.—Results of examination of eggs exposed to infection with cultures of 

BACTERIA isolated FROM APPARENTLY NORMAL EGGS* 


Culture 

Species 

Appearance 
and odour 

Fluorescence 

! 

Bacteria per gram 

B 1 a 

Flavohacterium 

O.K. 


8,000 

b 

Flavobacterium 

O.K. 

— 

< 2,000 

E a 

Pseudomonas 

White si. green 

++■+++ 

720,000,000 

b 

Pseudomonas 

O.K. 

— 

< 2,000 

G a 

Pseudomonas 

White si. green 

+ + ++ 

310,000,000 

b 

Pseudomonas 

White si. green 

++++ 

430,000 

J a 

Achromohacter 

O.K. 


< 2,000 

b 

Achromobacter 

O.K. 


< 2,000 

K a 

Pseudomonas 

White si. green 

i 

+ + + + ! 

480,000,000 

b 

Pseudomonas 

White si. green 

4- + 4- 4“ 

120,000 

N a 

Achromohacter 

O.K. 


< 2,000 

b 

Achromohacter 

O.K. 

— 

< 2,000 

R a 

Achromobacter 

O.K. 


< 2,000 

b 

Achromobacter 

O.K. 

— 

< 2,000 

Control a 


O.K. 


< 2,000 

b 

— 

O.K. 

— 

< 2,000 


* Eggs held for 1 week at 58® F., then for 7 weeks at 40® F. before being broken out. 


Table 8.—Correlation between fluorescence and bacterial content of 
STORAGE EGGS BROKEN OUT NOVEMBER 24, 1944 


Bacteria count per gram 

No. of 

1 



Degree of fluorescence 

eggs 

1 

+? 

+ 

-f + 

+ -+- + 

+ 4-4-4- + + + + + 

< 2,000 

120 

34 

8 

45 

23 

9 

1 

2,000 - 10,000 

69 

22 

4 

19 

17 

7 


11,000 - 50,000 

25 

8 

3 

1 

5 

7 

1 

51,000 - 200,000 

14 

6 

3 

2 

3 



201,000 - 1,000,000 

5 


1 


2 


2 

1,010,000 - 5,000,000 

1 






1 

>5,000,000 

6 



1 

1 

2 

2 


240 

70 

19 

68 

51 

25 

6 1 
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Table 9.—Relationship between bacteria count and j^luorescence of apparently 

NORMAL EGGS AND THE CHARACTERISTICS OF THE ORGANISMS ISOLATED THEREFROM 


Culture 

No. 

Genus 

Growth 
-2° C. in 

2 weeks 

Bacteria 
count 
per gram 

Degree of fluorescence of 

Egg* 

Culturet 

T 1 

Achromobacter 


>20,000,000 

+ + 


T 2 

Achromohacter ' 

— 

>10,000,000 

+ 

— 

T 3 

Achromobacter 

— 

280,000 

? 

— 

T 12 

Achromobacter 

— 

>10,000,000 

+ + -f + + 

— 

T 18 

Achromobacter 

— 

9,000,000 

+ + + + + 

— 

T 6 

Flavobacterium 


8,000,000 

+ + + 

_ 

T 123 

Flavobacterium 

— 

10,000 000 

+ + + 

— 

T 10 

Pseudomonas 

+ + + 

450,000 

+ + + + + 

+ + + 

T 97 

Pseudomonas 

+ + + 

66,000 

? 

+ + 4" 

T 116 

Pseudomonas 

+ + + 

240,000 

+ + + + + 

+ + + 


• Determined by U.-V. light at the moment of breaking. 

t Determined by U.-V. light on 24-hour growth in Georgia & Poe’s asparagine medium. 


Table 10.—Data on samples where high counts were believed 

TO be due to FAULTY PLANT PRACTICES 


Plant 

Carlot No. 

pH Value 

Plate count 

Direct 

microscopic count 

B 

L-20 

8.68 

100,000 

13,000,000 


L-25 

8.65 

240,000 

92,000,000 

C 

K-26 

8.70 

100,000 

50,000,000 


M-30 

8.72 

230,000 

13,000,000 


0-25 

8.54 

2,000,000 

520,000,000 

F 

M-^ 

7.82 

64,000 

150,000,000 


N--14 

8.57 

29,000 

35,000,000 


P-24 

8.58 

39,000 

18,000,000 

G 

M-14 

8.67 

790,000 

15,000,000 


0-14 

8.54 

260,000 

11,000,000 


0-20 

8.61 

500,000 

18,000,000 
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Table 11.—Efficiency of bacterial destruction as judged by ratios of plate 
counts to direct microscopic counts on dried whole eggs 

(October-December, 1944) 


Plant 

Carlot No. 

Plate count 
per gram 

Direct 

microscopic count 
per gram 

Ratio 


0- 9 

390.000 

2,900,000 

1 :7.4 


0-23 

26.000 

1,400,000 

1 :53.8 


0-31 

380.000 

2,200,000 

1 :5.8 


P- 9 

1,000.000 

2,000,000 

1 : 2.0 

E 

P-17 

590,000 ^ 

1,800,000 

1 :3.1 


P-25 

340,000 

1,100,000 

1 :3.2 


Q- s 

330.000 

510,000 

1:1.5 


Q-14 

150,000 

810,000 

1 :5.4 


Q-21 

110,000 

440,000 

1 :4.0 




Average 

1 :9.6 


0- 9 

27,000 

7,900,000 

1 :292.6 


0-22 

12,000 

11,000,000 

1 :916.6 


0-30 

13,000 

5,700,000 

1 :438.5 


P- 9 

24,000 

12,000,000 

1 : 500.0 

F 

P-18 

20,000 

17,000,000 

1 : 850.0 


P-24 

39,000 

18,000,000 

1 :461.5 


Q- 5 

20,000 

3,400,000 

1 : 170.0 


Q-18 

18,000 

3,200,000 

1 : 177.7 


Q-26 

50,000 

8,200,000 

1 : 164.0 




Average 

1 ;441.2 



THE DIAGNOSIS OF SEX BY MEANS OF HETEROPYCNOSIS^ 

Stanley G. Smith* * 

Science Service, Ottawa, Ont. 

[Received for publication February 26, 1945] 

The Basic Problem 

In countries that have taken the appropriate statistics it is found that 
a gradual and progressive change occurs in the secondary sex ratio of man 
running from 104-107 cf* cf : 100 9 9 at birth to a preponderance of 
females that approaches 2 : 1 at extreme senescence. Furthermore, by 
taking these post-uterine data together with the sex ratio obtaining among 
still births, premature births and abortuses, evidence is adduced by extra¬ 
polation pointing to a primary sex ratio, or that obtaining at conception, 
approaching ISO : 100. Expressed very roughly, then, the sex ratio 
changes between conception and extreme old age from 150 : 100 to 50 : 100. 
The conclusion that the change is due to a constitutional weakness of the 
male relative to the female is supported by a consideration of the influence 
of various environmental conditions (Crew, 4). 

These facts pose two distinct problems: first, what factors are concerned 
in the observed sexually selective mortality that operates against the male? 
second, what is the underlying cause of the initial inequality of the two types of 
zygotes? 

Hypotheses Regarding Differential Mortality 

Three obvious factors have been suggested as contributing to differ¬ 
ential mortality: (1) the operation of sex-linked genes that are disadvan¬ 
tageous, deleterious or lethal; (2) sex-limited defects and derangements; 
and (3) differences in the relative metabolic rates of males and females. 
Now since a similar preponderance of male live births holds for most 
domestic mammals, and since in all mammals it is the male that is the 
heterogametic sex, it is impossible, on the evidence presented by them, to 
decide whether the inherent weakness of the male results purely and simply 
from his maleness or whether it results from his heterogametic constitution. 

Hypotheses Regarding Inequality of Sexes 

Regarding the second problem, the numerical inequality of the two 
sexes at conception, various solutions have been advanced. Clearly, on 
the strength of the extrapolation mentioned above, the Y-containing sperm 
is successful in fertilization to an extent approaching, in man, about one 
and one-half times that of the X-containing sperm. One suggestion regard¬ 
ing this is that the Y-sperm is produced proportionately more often, but 
this appears unlikely from observations of meiosis in the human male. 
However, instances of excess X-sperm production are known in Drosophila 
(Morgan, BridgeaAid Sturtevant, 14) in which the male is likewise hetero¬ 
gametic. Another, no more attractive, involves selective fertilization con¬ 
trolled by the female. Yet another suggests that the Y-sperm should 
function more readily since its mass should be less than that of the X-sperm. 

1 Contribution No. 2351, from the Division of Entomology, Science Service, Dominion Department of 
Agriculture. Ottawa, Canada. 

• Assistant Entomologist; presently stationed at, and Research Fellow in, McGill University, Montreal, 
Canada. 
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This theory, put forward by Morgan (13), has been more favourably 
received because of the claim (Parkes, 15) that a bimodal curve results 
from plotting the head vsize of human sperm. To these may be added the 
possibility that, in view of the greater amount of active chromatin carried 
by the X relative to the Y-chromosome and its consequently greater muta¬ 
tion potential, the X-sperm may be more subject to the occurrence of 
mutations deleterious to the functioning of the gamete. Other things being 
equal, the X-sperm would be under a temporal handicap in the race to 
accomplish fertilization. 

The Natural Experiment 

In birds, certain fishes, and butterflies and moths, unlike all other 
known animal organisms (with the possible exception of the Trichoptera 
(Klingstedt, 10) ), it is the female that is heterogametic. With this cyto¬ 
genetic peculiarity firmly established, it soon became evident that they 
constitute material for a natural experiment by which to evaluate some of 
the possible solutions to the above two main problems. In the first place 
it becomes possible to determine the parts played by genetic and other 
factors when mortality is differential. If it is the heterogametic sex, 
regardless of whether this is male or female, that dies off more readily, the 
cause must rest in its genetic constitution; if, on the other hand, it is the 
male sex that is less viable, regardless of whether it is heterogametic or 
homogametic, maleness, as such, must be held responsible. In the second 
place, since with homogametic males there can be no choice between sperm, 
any numerical inequality of the two sexes at conception must be the direct 
responsibility of the female; one type of egg must be produced or must 
function in excess of the other. Both the possibility of different rates in 
the movement of sperm and that of differential selectivity by the female, 
as advocated in the case of humans, are here immediately ruled out for the 
simple reason that only one type of sperm is formed. To test for and 
between differential production and differential functioning of ova, it 
becomes necessary to determine whether, in heterogametic females, the 
primary sex ratio is other than equality. 

Practical considerations usually limit the diagnosis of sex to those 
stages in the life cycle after the formation of the definitive gonad (but see 
later). Only in the complete absence of mortality during the earlier stages 
can this value be taken as the primary sex ratio. 

In the attempt to arrive at both the true primary sex ratio and the 
initial gametic proportions, birds, fishes and lepidopterans all have their 
own particular disadvantages. Birds normally have a relatively low repro¬ 
ductive rate; the cytological constitution of most fishes is unknown; and 
Lepidoptera in general suffer from extreme mortality before sex can be 
easily determined. Of the three, however, the Lepidotera are by far the 
most easily manageable and readily offer themselves in numbers upon 
which statistical reliance can be placed. Furthermore, in their diversity 
of egg-laying habits, they allow, by the selection of technically suitable 
species, the determination, not only of percentage mortality, but also the 
sequence in which viable and non-viable eggs are laid. Finally, as a result 
of the mechanics of egg-production in insects, the possibility of differential 
functioning can be tested and, if found inoperative, the degree of differential 
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production can be evaluated. The chief limitation, until now, has been 
the gap created by the delay in sex-differentiation; the greater the gap, the 
greater the part mortality can play, if differential, in distorting the sex 
ratio. As will be shown, we now have a method of narrowing the gap and, 
by the appropriate selection and classification of material, of closing it 
completely. 

The Method of Approach 

It is a well-known characteristic of sex chromosomes that in the hetero- 
gametic sex they often retain their staining capacity throughout the 
division cycle, while the autosomes, along with the sex chromosomes in the 
homogametic sex, are non-stainable during the resting stage. It* should 
therefore be possible to use this phenomenon of heteropycnosis in the 
diagnosis of sex at stages prior to that at which anatomical differences are 
developed. Other cytological criteria are theoretically available but, if 
the sex chromosomes should display heteropycnosis in somatic cells, 
attention can then be confined to the resting nuclei, leaving the observer 
independent of numerical or size differences and angle of vision. 

Application of Method and Results 

The first step was to test for somatic heteropycnosis in lepidopterous 
larvae in which sex could be predetermined by external examination. The 
species selected for this purpose was Archips fumiferana^ the spruce bud- 
worm, which for the past few years has again been occurring in extreme 
outbreak proportions over a large area of northeastern North America. In 
this species the sex can be determined by simple observation as the gonads 
of the male are clearly visible through the integument of the fourth and 
later instars. Temporary aceto-carmine slides and permanent Feulgen 
'‘squash’* preparations (Smith, 18) made from the intestine showed deeply 



Figure 1. 
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staining bodies in the resiting nuclei of each of 17 female larvae studied, 
while they were absent from all the 12 males examined. These hetero- 
pycnotic bodies, restricted to the resting nuclei of females, are obviously the 
the sex chromosomes and may therefore be used in the diagnosis of sex. 

The method, slightly modified, was then applied to 399 freshly eclosed 
progeny of eight budworm pairs collected in copula from the wild. The 
modification facilitated the handling of the small larvae in the large numbers 
being dealt with. It consisted in fixing, embedding and sectioning families 
en masse rather than making individual preparations^ Also it was found 
more convenient to examine the relative!}" enormous cells of the silk glands 
(see Figure 1) since their use did away with the necessity of using the 
oil immersion objective. The results are tabulated below: 


Family 

1'otal 

! 

I Total 

I imliatched 

Percentage 

! 

Heteropycnosis | 

Sex ratio 

number 

laid 

mortality 

Without I 

With 1 




i 


i 

' 


8 

53 

: n 

0 

25 

28 

89 : 100 

7 

f)4 

2 

3 

28 

34 

82 : 100 

10 

QO 

i 8 

9 

35 

47 

74 : 100 

6 

49 

i « I 

16 i 

18 

19 i 

95 : 100 

13 

98 

I 19 i 

19 ! 

35 

37 

95 : 100 

‘ 1 

34 

I 9 

26 

i 

20 

25 : 100 

21 

67 

; 25 

37 

22 1 

16 

137 : 100 

14 

83 

i 

64 

i 5 i 

25 , 

20 : 100 


538 

I 124 

1 

i 

23 

Expc'Cted 

173* i 

199.5 i 

226* 1 
199.5 1 

76 : 100 


X*’ == 7 04, P = n/ .01 


* Tlie discrepancy between the number of larvae liatclied and the numbei scored tor heieropycnosis is 
due .solely to the fact that tire last l.S larvae to hatch were not embedded due to irtcsMiic ot work. 

3 I am indebted to Dr. W. O. Rothwell. Temiskaming Hospital, lor providing the lacilities lor embedding 
the material de.scribed herein. 


There is no intention of analysing these results to determine whether 
the primary sex ratio in Lepidoptera, as represented by Archips fiimiferana, 
is other than equality. They have been presented, to show, first, that the 
phenomenon of somatic heteropycnosis, when the property of a species, can 
be used in the early diagnosis of sex and, secondly, that direct evidence 
can be obtained regarding the primary sex ratio and the effect on it of 
differential mortality. Of course, the present results require considerable 
amplification. 

Limitations of Method 

To what extent the method can be apiplied to other organisms is at 
present unknown for, although much work has been done on heterop\’cnosis 
since it was first noted 1)}' Henking (7) in 1891, remarkably few generaliza¬ 
tions can be made concerning it. Thus almost 40 years after Henking’s 
original observations Schrader (16, p. 8) had perforce to quality the state¬ 
ment that “It is of interest to observe that this special behaviour of the 
sex chromosomes is not manifested prior to the spermatogonial stages,“ as 
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follows—“However, it must not be forgotten that researches touching on 
the sex chromosomes in somatic cells are small in number and generalization 
is not justified.*’ 

There are certainly many circumstances that curtail the general use 
of the method. For example, in the only extensive survey published to 
date, Geitler (6) found, in the Heteroptera, that somatic heteropycnosis is 
not the exclusive property of the sex chromosomes of one sex in all species. 
This is in agreement with Kaufmann’s (8) observations on Drosophila 
melanogaster where the sex chromosomes in the somatic cells of both the 
male and the female exhibit heteropycnosis, and is supported by the 
writer’s (unpub.) survey of Coleoptera in which both vsexes of certain species 
are found to be devoid of this property. In the Acrididae the sex chromo¬ 
somes fail to display heteropycnosis until the spermatogonial divisions 
(Mohr, 11, 12) but later, during the meiotic prophase, certain autosomes 
or parts of autosomes (Carothers, 2) may show a similar but less intense 
reaction. Again heteropycnosis is normally the property of odd super¬ 
numerary chromosomes at meiosis (Wilson, 19) but fails to express itself 
when the supernumerary is present in duplicate (Carroll, 3). Conditions in 
the Lepidoptera are variable. Thus both Seiler (17) and Dederer (5), 
working on Phragmatobia and Philosamia, respectively, report that during 
meiosis the sex chromosomes of the female are indistinguishable from the 
autosomes. Kawaguchi (9), however, finds that they are heteropycnotic 
during the meiotic prophase in some species but not in others. In Archips 
fumiferana no indication of heteropycnosis has been found during either 
oogenesis or spermatogenesis (unpub. data) even though its occurrence in 
somatic tisvsues of the female is beyond dispute. 

Advantages of Method 

In conclusion, it might be pointed out that, although there appear to 
be technical limitations to the use of the method due to the apparent need 
for specialized equipment, it is possible to dispense with sectioning by using 
aceto-carminc staining. However, the practice of mass embedding and 
sectioning is less time-consuming and less tedious. The alternative method 
of diagnosing sex by dissecting for primordial gonads is unfortunately, 
even where possible, likely to leave a considerable unclassifiable residue, 
whereas using heteropycnosis there is none. Thus Brandt (1) found it 
impossible to classify more than 537 out of 717 first instars of Lymantria 
monacha on the basis of the morphology of the primordial gonads. With a 
surplus of only 4.-6 females per hundred larvae it would obviously be worth¬ 
while in future to attempt to sex any residual larvae by pieans of the aceto- 
carmine technique. This involves nothing more than dissecting the silk 
glands in a drop of aceto-carmine and examining them after a minute or so 
under a microscope capable of giving a magnification of only about X300. 

^ SUMMARY 

The facts and hypotheses concerning the human sex ratio are briefly 
reviewed. The limitations imposed by high mortality on the use of the 
Lepidoptera as a “natural experiment” by which certain of the hypotheses 
may be crtically appraised are discussed and the possibility is demonstrated 
of using somatic heteropycnosis as diagnostic of sex prior to sexual differ¬ 
entiation and before differential mortality can distort the primary sex ratio. 
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NUMBER OF GENERATIONS OF LYGUS HESPERUS KNT. AND 
L. ELISVS VAN D. IN ALBERTA^ 
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R. W. Salt* 

Dominion Entomological Laboratory, Lethbridge, Alberta 

Several papers dealinj^ with the legume bugs, Lygus hesperus Knt. 
and L, elisus Van D., have recently appeared in entomological literature.' 
In addition there are some previous articles concerning Lygiis pratensis L. 
which should properly include L. hesperus and L. elisus, due to a failure 
to distinguish specific differences. The two first-mentioned species are so 
intermingled in many areas and have such similar habits that for most 
practical purposes they may be studied as a single species, and several 
workers have done so. In view of the considerable amount of study which 
has been devoted to these pests it is remarkable that a particular error 
should crop up again and again, not merely by quotation but in independent 
research. Reference is made to the number of generations of Lygus per 
year, particularly in the northwest United Stiites. 

Several writers state that they have endeavoured to rear Lygus through 
successive generations, but the best that seems to have been accomplished 
so far is one complete generation. Most of the data are composite records 
from the rearing of the various stages. From these the life cycle has been 
variously reported as requiring 20 to 30 days under favourable conditions, 
but running as high as 46 days. Some authors have divided this period 
into the length of the active season, getting from 3 to 7 generations (1, 2, 4). 
Although this may seem a logical method of determining the number of 
generations, it proves to be a very inaccurate one. It fails to take into 
consideration the fact that the time required for different individuals to 
complete a generation varies in accordance with a number of complex 
ecological and nutritional factors, and any attempt to strike an average for 
use in calculations such as the above only increases the error. As no one 
has yet been successful in rearing successive generations of Lygus elisus or 
L. hesperus, the next best resort is to determine the number of generations 
from fluctuations in the numbers of each stage of the insect, in a specific 
natural environment and throughout a complete season. 

During the summer of 1931^ the writer made such a study of Lygus 
hesperus and L. elisus by making periodic collections in an alfalfa seed field 
located on the Dominion Experimental Farm at Lethbridge, Alberta. The 
field remained uncut during the entire period. Collections were taken 
approximately once a week until the first appearance of nymphs and twice 
a week thereafter. During the early part of the season, when adults were 
scarce, 1,000 sweeps with a 14-inch net were taken as a unit collection, but 

> Contribution No. 2357, Division of Entomology. Science Service. Department of Agriculture Ottawa. 
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later the units were cut to 100 sweeps. The results are contained in 
Figure 1, each instar being shown separately. Taking into consideration 
the variation in collecting conditions during the summer, and the fact that 
two species are involved, the population curves shown in the figure are 
quite uniform. 



Figure 1. Collection of Lygus spp. on uncut alfalfa seed crop at Dominion 
Experimental Farm, Lethbridge, Alberta, 1936. 


In order to determine the number of generations it is necessary to 
consider the. various curves one at a time. The adult curve stands out 
distinctly from those of the nymphal instars and shows a peak during the 
middle of July following a previous peak in the nymphal population. A 
secondary pe^on September 23, following a drop on September 19, could 
not possibly be interpreted as another generation as the time is much too 
short, especially so late in the season. In addition, the low nymphal 
population at that time precludes such an idea, and if further proof be 
needed it is found in the fact that egg development in the adult females 
ceases before that date. Turning next to the five nymphal instars, if the 
population curve of each is carefully followed in the figure, it will be seen that 
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each instar follows in point of time the preceding instar. This is especially 
clear in the part of the curves subsequent to August 1, where there is 
decidedly but one generation. The earlier build-up of nymphs during 
June is not so clear, but that only one generation is involved can be easily 
shown as follows. The second, third and fourth instars were at a peak on 
June 20. A secondary peak on July 2 not only leaves insufficient time for 
another complete generation to have developed but it is composed of later 
stages than the first peak, namely, fourth- and fifth-instar nymphs and 
adults. The secondary variations shown in the curves are due mainly to 
differences in weather conditions, but even these are not sufficient to 
obliterate proof of the existence of only two generations of Lygus in this 
area. It is entirely possible, of course, that an occasional individual 
developed sufficiently in advance of the remainder to go through three or 
even more generations, but the low ebb of nymphs on and around July 26 
makes it reasonably certain that the number of such individuals was 
minute. 

More than two generations may, of course, occur farther south. How¬ 
ever, Shull (3) published data similar to that given in the figure, listing the 
numbers of Lygus collected in an alfalfa field and a clover field in southern 
Idaho from April 27 to August 18, 1931. Three sets of figures are listed 
for each field—the number of nymphs, the numbers of adults, and a total 
of the two. The totals are also presented graphically. On the basis of 
these data Shull makes the statement, “There are four generations in 
southern Idaho each year as shown by the counts from alfalfa and clover 
sweepings in 1931 (Table XVI, Fig. 1, D)“. A glance at the table shows 
two definite peaks of nymphal abundance, each indicating a clear-cut 
generation. The author, however, adds the nymphal figures to the adult 
figures and gets four peaks of abundance, concluding that there are four 
generations per year. Strangely enough, his first generation reached a peak 
on May 15, although the first nymphs of the season did not appear until 
May 21. Shull’s data, therefore, give evidence of only two generations 
between April 27 and August 18, 1931. It is unfortunate that he did not 
carry his observations to a later date, for there may have been time for a 
third generation subsequent to August 18. It can be definitely said, 
however, that on the basis of Shull’s data there are at least two, possibly 
three, but not four generations of Lygus in southern Idaho. 

DISCUSSION 

Two errors concerning the determination of the number of generations 
undergone by insects during a year are pointed out. Although specifically 
referring to Lygus hesperus and L. elisus, these comments undoubtedly 
apply in many other cases: 

1. The practice of calculating the number of generations per year from 
the length of the total season and the length of one generation is inaccurate. 
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Variations in individual insects, combined with variations in environment 
throughout a field and throughout a season, do not allow the use of such 
simplified mathematics based on averages. 

2. In determining the number of generations per year from population 
curves, each stage and instar should be studied as a separate entity. The 
bulking of population figures of various stages and instars leads to in¬ 
accurate conclusions. 
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Since the publication of Orthoptera of Alberta, by Morgan Hebard in 
1930 many new distributional records of Acrididae have been obtained in 
this province. During the current grasshopper outbreak, which started in 
1930, the authors, while making surveys of grasshopper abundance, have 
covered much of the agricultural area of the province. Considerable 
collecting of all species has been done, particularly since 1936, and it has 
been possible to add materially to past records. The northwestern limits 
of distribution of a number of plains species and the southeastern limits 
of distribution of a number of boreal species are more clearly defined than 
they were in 1930. Few additional records have been secured from many 
of the less accessible and non-agricultural areas and, though occasional 
collecting was done in the mountainous regions, the information regarding 
the forms inhabiting those areas is still far from complete. The distribu¬ 
tion of the spring forms of acridids is better understood than was the case 
in 1930 but it still leaves much to be desired. Supplementary notes will 
have to be published as more data are assembled. 

Since material was collected from over 2500 localities, the authors, in 
order to avoid cumbersome lists of locations, have divided the province 
into ecological areas following the method used by Strickland (7), see 
Figure 1. Some alterations have been made in the boundaries, and the 
numbering, of Strickland’s ecological areas to make them more applicable 
to orthopteriod distribution. 

DESCRIPTION OF ECOLOGICAL AREAS 
A. Transition Zone 

1. Southern Prairie (Milk River Valley and ridge to the south) 

Vegetation:—Short grass; Artemesia and greasewood. 

Soil:—Brown. 

Remarks:—This area is a northern extension of the Upper Sonoran 
or Upper Austral Zone. It is devoted chiefly to ranch¬ 
ing except in the district around Coutts where there is 
considerable farming. 

2. Cypress Hills 

Vegetation:—About 50% forested—lodge-pole pine, spruce and 
poplar, long grass. 

Elevation:—Up to 4500 feet. Summit of hills never glaciated. 

Soil:—^Very dark brown to black. 

Remarks:—Flora and fauna quite similar to Waterton Lakes (16) 
area. 

» Contribution No. 2.349. Division of Entomology, Science Service, Dep.'rrtrnent of Agriculture, Ottawa. 
Canada. 
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3. Southern Prairie (Manyberries-Bassano-Altario) 

Vegetation:—Short grass. Some poplars and willows in river bottoms. 

Cactus and sage in drier locations. Irrigated areas 
^ around Brooks which support a variety of crops, 
chiefly grain; much abandoned land, that more recently 
abandoned grown up to Russian thistle and tumbling 
mustard. Considerable areas of blow-out soil. Eroded 
areas adjacent to river bottoms. Some alkali sloughs 
and lakes. 


Soil:—Brown. 
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4. Southern Prairie and Southern Extension of Northern Prairie (Wool- 

ford-Calgary-Hussar) 

Vegetation:—Short to intermediate grass, occasional groves of willow 
and poplars. Crops, chiefly wheat. 

Soil:—Brown to dark brown. vSome eroded land along rivers; some 
alkali sloughs. 

5. Northern Prairie, West (Crossfield-Halkirk) 

Vegetation:—Intermediate grass; poplars, willows. Crops chiefly 
wheat. 

Soil:—Dark brown, ranging from loam to very heavy clay or 
‘‘gumbo.*’ 

6. Northern Extension of Southern Prairie (Sunnynook-Castor) 

Vegetation:—Short to medium tall grass; a few trees along creeks 
and some alkali sloughs. 

Soil:—Brown. 

Remarks:—Marginal area for grain growing; large amount of 
abandoned land. 

B. Intermediate Between Transition and Canadian Zones 

7. Parkland, FCast (Provost-Vermilion) 

Vegetation:—Short to long grass. About 30% wooded with aspen 
poplar and willow groves. Crops, grain and hay. 

Soil:—Dark brown to black. 

8. Parkland, West (Didsbury-Vegreville) 

Vegetation:- Originally about 50% wooded with aspen and willows, 
area now 75% cleared. Crops, grain and hay. 

Soil:—Black. 

C. Canadian Zone 

9. Poplar, West (Rocky Mountain House-Lac la Biche) 

Vegetation:—Long grass. Originally balsam poplar, aspen, willow 
and some .spruce; less than 50% cleared. Crops, mostly 
oats. 

Soil:—Black to grey-wooded in North. 

10. Poplar, East (St. Paul des Metis) 

Vegetation:—Fall grass. Originally balsam poplar, aspen, willow 
with considerable local stands of spruce and pine; 
about 40% cleared. Crops, wheat and oats. 

Soil:—Black, some muskeg. 

11. Mixed Forest with Eastern and Sub-arctic Intrusions 

Vegetation:—Largely forested with aspen, balsam poplar, spruce, 
jack pine, balsam fir, tamarack, willow, birch and alder. 

Soil:—Grey-wooded, with extensive areas of sand. 

Remarks:—No collections of Orthoptera have been made in this area. 

12. Mixed Forest, with Cordilleran (Rocky Mountain) Intrusions 

Vegetation:—Similar to No. 11. Many lakes and large areas of 
muskeg. A little cultivation in the south. Crops, 
chiefly oats. 

Soil:—Gray-wooded. 
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13. Mixed Forest and Parkland (Peace River District) 

Vegetation:—Large areas of forest interspersed with long grass open 
plains. Crops, chiefly grain. 

Soil:—^About 10-15% black loam, remainder gray-wooded with some 
muskeg. 

D. Foothills Zone 

14. Foothills, Northern (Rocky Mountain House-Grand Prairie) 

Vegetation:—Intermediate between that of Rocky Mountains and 
the mixed forest of northern Alberta. Much of this 
area is incompletely surveyed. In the western half 
some grain is produced. 

Soil:—Gray-wooded; believed to be quite variable. 

15. Foothills, Southern (Cowley to Rocky Mountain House) 

Vegetation:—^Aspen, spruce, lodge-pole pine, willow with mixed 
grasses and open prairie to southward. 

Soil:—Gray-wooded in northern portion, dark brown to black in south. 
Remarks:—This area is probably the most uniform of all areas.. 

E. Mountain Zone 

According to Strickland (7) ‘^Vegetation:—This naturally varies 
greatly with the altitude of the montane, submontane, subalpine and alpine 
territory, also with topography, rock and soil. Montane territory is 
dominated by lodge-pole pine and white spruce. Douglas fir is locally 
abundant. Subalpine territory is characterized by Engelmann spruce, 
alpine fir, and other conifers, as well as by mountain heaths. 

“From Area 18 to Area 21 (Area 16 to Area 19 in Fig. No. 1) there is a 
gradual and irregular replacement of southern and western species by 
certain boreal and arctic species. “ 

16. Southern Rocky Mountains (Waterton-Blairmore) 

Vegetation:—“Strong intrusions of southern and western species. 

These extend to about the northern limits of the area.“ 
Soil:—The composition of the mountains in this area changes from 
largely igneous rock in the south to a high percentage of lime¬ 
stone in the north. 

17. Central Rocky Mountains (Crow’s Nest Pass-Lake Louise) 

Vegetation:—Typical for that of Area 16 with a few southern and 
" arctic intrusions. 

Soil:—Variable in texture; all gray-wooded. 

18. North Central Rocky Mountains (Banff Park, North) 

Vegetation:—Similar to that of*Area No. 17. Among the grasses are 
several which appear to be typical of the Labrador 
^ flora. 

Soil:—Similar to that of Area No. 17. 

Remarks:—Little collecting of Orthoptera has been done in this area. 

19. North Rocky Mountains (Jasper National Park) 

Vegetation:—^As in Nos. 17 and 18 but with strong intrusions of 
arctic and boreal species. 

Soil:—^As in No. 18. 
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DISTRIBUTION OF SPECIES 

Each species is recorded in the following manner: 

1. The numbers of the various ecological areas from which it has been 
taken. 

2. A list of the localities from which it has been previously recorded 
in the various publications by Hebard or by Tinkham (8). 

3. The names of the towns comprising the north or northwestern 
limits of distribution in the cases of the plains species, or southeastern 
limits in the cases of the boreal species. 

4. Notes of interest in connection with the species. 

For example: 

Ageneotettix deorum deorum (Scud.) 

1, 3, 4, 5, 6, 7. Previous records are from Lethbridge, Coaldale, 
Taber, Medicine Hat, Steveville and Comrey. Alliance and Carstairs are 
the northern limits of distribution. 

This species is fairly common in the southern portion of the province 
but is relatively scarce towards the northern limits of its distribution. 

The numbers 1, 3, 4, 5, 6, 7, refer to the ecological areas from which 
these species has been collected. The remainder of the data are 
self-explanatory. 

Mermeria maculipennis maccliingi Rehn. 

New record. 

Reared from fifth instar nymphs collected at the mouth of the Lost 
River and in Blacktail Coulee at Onefour, one mile north of the Montana 
boundary. Five nymphs collected July 16, 1940. One adult emerged 
Aug. 1, 1940 (White & Rock). The species was present in clumps of 
Calamovilfa longifolia (Hook) in small numbers in sheltered places on the 
north banks of coulees. 

Previous northern records from Montana are: Brinkman, July 25, 
1935 (Shotwell and White), Billings, July 30, 1910 and Columbus, Sept. 1, 
1924 (N. Criddle). 

Acrolophitus hirtipes (Say) 

1, 2, 3, 4. Previous records are Medicine Hat, Lethbridge and 
Macleod. Gleichen is the most northerly record. 

This rather uncommon species is usually found on the brows of the 
banks of river valleys. 

Opeia obscura (Scud.) 

1, 2. This species was first taken by Tinkham at the Higdon Ranch, 
Comrey, in 1938. Further series were secured from Coutts, the Milk 
River Valley and Many berries in 1939 and 1940. 

A specimen in the collection was taken at Willow Bunch, Sask., Sept. 
25, 1931 (G. F. Manson). 
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Amphitornus coloradus (Thos.) 

1 to 9. Previous records are Manyberries, Walsh, Steveville, Taber, 
Minda, Comrey and Lethbridge. (Minda was formerly a post office 5 
miles N.E. of Manyberries.) 

Northern records are Rochester and Wainwright. 

This species is one of our most common range grasshoppers in southern 
Alberta. Towards its northern limits of distribution in the park belt it is 
quite scarce and is confined largely to grassy knolls. 

Eritettix simplex tricarinatus (Thos.) 

1. New record for Canada (Det. A. B. Gurney.) 

This insect was taken in the Blacktail Coulee, at Onefour, July 15, 
1940 (White & Rock). Hebard (2) gives Bozeman, Mont., as the nearest 
point at which this species was taken previously. 

Phlibostroma quadrimaculatum (Thos.) 

1, 3, 4, 5, 6 and 17. Previous records are from Banff, Calgary, Leth¬ 
bridge, Bow Island, Medicine Hat, Walsh and Comrey. 

Banff and Wayne are northern records. 

Cordillacris occipitalis cinerea (Bruner) 

1, 3 to 7. Previous records are Lethbridge, Manyberries and Comrey. 
Ribstone, Amisk, Scapa and Morrin are northwestern records of distri¬ 
bution. 

This species is confined largely to sand areas, river valleys and eroded 
areas. 

Cordillacris crenulata (Bruner) 

1. New record for Canada. (Det. by R. M. White, by comparison 
with specimen from Wyoming det. by Morgan Hebard.) 

Taken in the valley of the Lost River, Onefour, July 15, 1941 (White). 

Orphulella pelidna (Burm.) 

1, 3 and 6. This sp)ecies was first collected by Criddle at Orion in 
1924 and reported by Hebard (6). It was again reported from Irvine, 
Cereal and Finnegan by Gurney (9). The writers have taken it, from a 
number of localities, in coarse grass at the edges of marshes and alkaline 
sloughs and springs. The species is quite localized in its habitat in 
Alberta. 

Northwestern records are Coutts, Dorothy and Cereal. 

Chloealtis conspersa Harris 

1, 3, 4, 5, 7, 8, 9, 12, 13, 14, 16 and 17. Previous records are Crow’s 
Nest Pass, Fr^k, Banff, Athabasca and Comrey. 

The southern limits of distribution of this species are Cowley and 
Comrey. The latter record is only ten miles from the Montana border so 
the species should be present in the Sweet Grass Hills of that state. 

A fully macropterous female was collected along the Smoky River 
near Debolt in Area 13 in 1938, while a male was taken at Fenn in 1939 
(Rock), 
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Neopodismopsis abdominalis (Thos.) 

2, 4 to 19. Previous records are Coleman, Fort Macleod, Lethbridge, 
Banff, Nordegg, Greencourt, Cold Lake, Cypress, Blairmore and Crow’s 
Nest Pass. 

This handsome species is quite widely distributed in the park belt. 
In the prairie section it is quite scarce and is usually confined to patches 
of Symphoricarpos along river bottoms or on hillsides. 

Chorthippus longicornis (Latr.) 

1 to 19, except 11. This species has previously been recorded from 
(Coleman, Macleod, Fort Macleod, Blairmore, Cypress, Comrey, Banff, 
Tofield, Edmonton, Ponoka, Red Deer, Greencourt, Halcourt, Cold Lake 
and Grande Prairie. 

It is the most common of the species that occur in the park belt. In 
the plains section it is confined largely to marshes or to clumps of Sym- 
phoricarpos along streams or in wooded hills. 

The series shows a wide variation in the length of the organs of flight. 
Females range from brachypterous to macropterous. A few fully macro- 
pterous males are present but in the majority the legmina extend only to 
the tip of the supra-anal plate or just beyond the tip of the abdomen at 
most. 

Aeropedellus clavatus (Thos.) 

1 to 19, except 11 and 18. Previous records are from Banff, Jasper, 
Fort Macleod, Lethbridge, Chin, Manyberries, Medicine Hat, Cypress and 
Comrey. 

This species has probably the widest distribution of the acridids that 
occur in Alberta. 

Bruneria hrunnea (Thos.) 

1 to 8, 10, 15, 16, 17, 19. Previous records are from Cypress, Comrey, 
Chin, Lethbridge, Kipp, Fort Macleod, Pincher, Coleman, Frank, Blair¬ 
more, Crow’s Nest Pass, Banff and Jasper. 

Jasper, Delbourne, Heisler and Myrnam are the northern records. 

This is a moderately common species in areas of short dry grass. 

Psoloessa delicatula delicatula Scud. 

1, 3 to 7, 15 and 16. Previous records are Calgary, Macleod, Leth¬ 
bridge and Comrey. 

Lavoy is the most northern record. The species is a spring form and 
its distribution probably extends considerably north and west of this point. 
Adults of this species are fairly common from May until July. 

Ageneotettix deorum deorum (Scud.) 

1, 3 to 7. Previous records are from SteveviHe, Lethbridge, Chin, 
Taber, Medicine Hat and Comrey. 

Alliance and Carstairs are northern points of distribution. 

This species is fairly common in the southern portions of the province 
but is relatively scarce towards the northern limits of its distribution. 



584 


SCIENTIFIC AGRICULTURE 


[Vol. 25 


Drepanopterna femoratum (Scud.) 

1. This species was first collected at the Higdon Ranch, Comrey, by 
Tinkham in 1938. Further series were secured in 1939 and 1940 along the 
Milk.and Lost rivers from Onefour to the Higdon Ranch (about 12 miles 
west of Comrey). 

Aulocara elliotti (Thos.) 

1 to 8, 15 and 16. Previous records are from Steveville, Macleod, 
Lethbridge, Chin, Taber, Manyberries, Comrey and Medicine Hat. 
Cochrane, Alix and Lavoy are northwestern records. 

This is economically the most important species of the grasshoppers 
affecting the ranges in Alberta. 

Stethophyma gracile (Scud.) 

8, 9, 10, 12, 13, 14. Previous records are Cold Lake, Edmonton, 
Greencourt and Coronado. 

Dundre, Delbourne and Strome are southern records. 

This insect is quite local in its distribution as it is nearly always found 
in sedgy meadows, grassy swamps and occasionally in muskegs. 

Stethophyma lineatum (Scud.) 

7, 8, 9, 10, 13, 14. Cold Lake is the only previous record. Czar and 
Sundre are the southernmost records of the discontinuous distribution of 
this species. 

This insect is usually found in the same habitat and in company with 
5. gracile. 

Arphia cons persa Scud. 

1 to 19, except 11. Previous records are Lethbridge, Calgary, Banff, 
Nordegg, Cold Lake, Wabamun, Grande Prairie, Peace River and Fort 
Vermilion. 

This is the most common, and widely distributed spring form. 

The wing discs are pink in all specimens except those from the vicinity 
of Jasper. There, only specimens with yellow to orange-yellow wings have 
been found. Yellow-winged specimens have been reported, by Hebard, 
from Banff, Nordegg and Wabamun. 

Four females are light brown in colour. 

Arphia pseudonietana pseudonietana (Thos.) 

1, 3 to 9, and 17. Previously recorded from Banff, Calgary, Gull Lake, 
Medicine Hat, Walsh and Comrey. 

Gull Lake and McLaughlin are northern records. 

This handsome species is present in small numbers in the grasslands 
of Alberta. In^fcro males and five females the disc of the pronotum, and 
the caudal portion of the occiput, is buffy, in sharp contrast to the darker 
parts of the insect. 

Chortophaga viridifasciata (De Geer) 

4 and 5. Previous record—Lethbridge. 

Erskine is the most northern distributional record. 
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This spring form, which is frequently found in sandy soil in the river 
bottoms, appears to be quite localized in its distribution. It has been 
taken from only sixteen localities in these two areas. 

Of the 34 males, 33 are brown and one is green with brown tegmina: 
of the 23 females, 20 are green, 2 are brown and one is green with brown 
tegmina. All specimens have yellow wing discs. 

Encoptolophus sordidus cos tali s (Scud.) 

1, 3 to 10, 15 and 16. Previous records are Edmonton, Steveville, 
Orkney, Lethbridge, Welling, New Dayton, Comrey and Walsh. 

Northern records are Morinville and Heinsburg. 

This widely distributed species occurs in about the same numbers as 
Amphitornus coloradiis (Thos.) 

Camnula pellucida (Scud.) 

1 to 19. Previously recorded from a number of localities of which the 
most northerly are Edmonton and Cold Lake. 

This is the most widely distributed and the second most abundant of 
the destructive species of grasshoppers in the province. 

Pardalophora apiculata (Harris) 

4, 7, 8, 9, 13, 14, 15. Previous records are Grande Prairie, Edmonton, 
Wabamun, Red Deer and Calgary. 

Southern records are Millarville, Red Deer and Hughendon. 

This insect, which is found in small colonies, matures in May and June. 
It frequently occurs in sandy areas in the park belt, particularly where 
Eleagnus is present. 

Xanthippus corallipes latefasciatus (Scud.) 

1, 3 to 6, 16. Previous records are Calgary, Pincher, Lethbridge and 
Medicine Hat. 

Northwestern limits are Calgary and Halkirk. 

This relatively scarce spring form is usually found in blow-out areas 
where there is considerable grama grass. 

Cratypedes neglectiis (Thos.) 

1, 3, 4, 6, and 16. Previous records are Steveville, Fort Macleod, 
Macleod and Minda. Northern record is Hanna. 

This is one of the rarer species in Alberta. It is found in much the 
same type of habitat as the previous species. 

Dissosteira Carolina (L.) 

1, 3 to 6, 8, 15 and 16. Previous records are Lethbridge, Burdett, 
Medicine Hat, Walsh and Comrey. 

This road-loving species is quite common in the southern part of the 
province. Its continuous distribution runs as far north as Rumsey and 
Youngstown. A single colony was found around a strip coal mine at 
Tofield in area 8. This record is 100 miles north of the previously known 
distribution. 
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Spharagemon equate (Say) 

1, 3 to 7, 15. Previous records are Calgary, Brooks, Medicine Hat, 
Walsh, Minda, Manyberries, Orion, Bow Island, Whitla, Taber, Chin, 
Coaldale and Lethbridge. 

The limits of northwestern distribution are Calgary and Wainwright. 
Spharagemon collare (Scud.) 

1, 3 to 8, 10, 15, 16. Previous records are Morrin, Calgary, Leth¬ 
bridge, Bow Island, Medicine Hat, Walsh and Minda. Tinkham reports 
that he has collected it at Cold Lake. 

The northwestern limits of distribution are Sundre, Ponoka, Bonny- 
ville and Cold Lake. 

Derotmema haydenii haydenii (Thos.) 

1. First collected by Tinkham in 1938 at the Higdon Ranch, Comrey. 
It was taken from the same locality in 1939 (White and Neilson) and in 
1940 (White and Rock). 

Trachyrhachis kiowa kiowa (Thos.) 

1 to 8. Previous records are Calgary, Lethbridge, Medicine Hat, 
Walsh, Minda and Comrey. 

Camrose and McLaughlin are northern records. 

This species is quite abundant in the plains section of the province. 

Metator pardalinus (Sauss.) 

1 to 8, 15 and 16. Previous records are Lethbridge, Macleod, Chin, 
Bow Island, Medicine Hat, Walsh, Cypress, Minda and Comrey. 

Northern records of this species, common to grasslands, are Ponoka 
and Mannville. 

Trimerotropis sparsa (Thos.) 

1, 3 to 6. This variable species was first reported from Lethbridge in 
1924 as r. azurescens. Since then it has been reported from Morrin, 
Drumheller, Lethbridge and Comrey. 

The species is confined to eroded areas along cut banks in river valleys. 

Trimerotropis gracilis sordida E. M. Walker 

1, 3, 4 and 6. Previously reported from Brooks, Purple Springs, Bow 
Island, Whitla, Medicine Hat, Walsh and Minda. 

/ 

Northwestern records are Lethbridge and Scapa. 

The adults of this species are usually found in thin stands of dry short 
grass, along the edges of grain fields and in blow-out areas. 

Trimerotropis ^^idipennis salina McNeill 

1, 3 to 7, and 9. Previous records are Edmonton, Steveville, Orion, 
Comrey, Bow Island, Lethbridge, Macleod and Waterton Lakes. 
Edmonton is the northernmost record of occurrence. 

This species has a somewhat discontinuous distribution due to the fact 
that it is largely confined to saline areas. 
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Trimerotropis campestris McNeill 

1 to 7, and 16. Previous records are Gull Lake, Calgary, Morrin, 
Pincher, Macleod, Lethbridge, Chin, Medicine Hat, C'ypress, Minda and 
Comrey. 

Gull Lake and McLaughlin are northern records for this, the most 
common member of the genus, in Alberta. 

Trimerotropis pistrinaria Sauss. 

1,*3, 4, 5 and 6. Previously recorded from Lethbridge, Bow Island, 
Medicine Hat and Comrey. 

Northwestern records are Gleichen and Scapa. 

This handsome species is usually found along bare river banks and 
eroded and gravelly areas in bad lands. 

Trimerotropis agrestis McNeill 

3. Previous records are Orion, Minda and Calgary (Caudell). 

This sand-loving species has only been taken by the authors at Orion. 
It is possible that the record of Caudell, from Calgary in 1908, of citrina^ 
which has since been determined as agrestis, is due to mislabelling and that 
the specimen was caught at Medicine Hat. 

Trimerotropis laticincta Sauss. 

1 and 3. This species was first collected by Tinkham at the Higdon 
Ranch, Comrey, in 1938. .Since then it has been collected from a number 
of locations in Area No. 1 and at Seven Persons in Area No. 3. 

Trimerotropis stiffusus Scud. 

16. Previously recorded from Blairmore, Coleman, Frank and 
Waterton Lakes. It has not been collected by the authors from localities 
other than these. 

Circotettix verruculatus Kirby 

8, 9, 10, 12, 13, 14, 17, 18 and 19. Previous records are Cold Lake, 
Athabasca, P>dmonton, Primrose Lake, Lacombe, Nordegg and Banff. 
Banff, Lacombe, Edmonton and Cold Lake are southeastern records. 

Circotettix rabula rabula R. and H. 

1, 3 to 8, 15 and 16. Previous records are Morrin, Steveville, ("oleman, 
Frank, Cowley, Fort Macleod, Macleod, Lethbridge, Medicine Hat and 
Comrey. 

Cochrane, Delbourne and Meeting Creek are northwestern records. 
This species, which is largely confined to steep bare slopes, has a rather 
discontinuous distribution. 

Aerochoreutes carlinianus carlinianus (Thos.) 

1 to 8, 15 and 16. Previous records are Steveville, Macleod, Leth¬ 
bridge, Welling, Bow Island and Comrey. 

Cochrane and Meeting Creek are northwestern records in Alberta. It 
has, however, been reported by Buckell and collected by the authors in 
bare slopes of the Peace River at Rolla and Fort St. John, in the Peace 
River Block. 
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Hadrotettix trifasciatus (Say) 

1 and 3. Previous records are Medicine Hat, Comrey and Calgary 
(Caudell). 

This species has been collected by the authors only from the vicinity 
of Medicine Hat, Manyberries and Comrey. CaudelFs record, from 
Calgary, is possibly due to the interchanging Calgary and Medicine Hat 
labels as probably occurred with his record of T. vinculata similis Scud. 

(r. agrestis,) Schistocerca lineata Scud. 

1 and 3. Previously recorded from Medicine Hat and Comrey. This 
species has been collected by the authors only from the vicinity of Medicine 
Hat, Manyberries and Comrey. 

Hypochlora alba (Dodge) 

1. New record for the province. 

Reared from nymphs collected seven miles S.E. of Comrey, July 13, 
1939 (White). Hebard (4) gave the northern limits of this species as 
Brockton, Nashua, Glasgow and Havre, Montana. 

The food plant of this species, Artemesia ludoviciana Nutt., is fairly 
local in distribution over southeastern Alberta. //. alba appears to be 
even more localized and is confined largely to gullies in the area from which 
it wa 3 collected. 

Aeoloplus turnbulli turnbulU (Thos.) 

1 to 6. Previously recorded from Drumheller, Minda, Cypress and 
Comrey. 

Morrin and Hanna are northern records of distribution. 

This handsome little grasshopper, which feeds largely in Atroplex and 
its allies, has rather a discontinuous distribution. 

Hesperotettix viridis praiensis Scud. 

1, 3, 4, 5. Previously recorded from Lethbridge, Fort Macleod and 
Comrey. 

The northwestern records of this handsome species are Brocket, 
Dorothy and Buffalo. 

In Alberta this insect is usually found on or near, Gutierrezia sarothrae 
(Pursh.) which is one of its host plants. 

Melanoplus oregonehsis oregonensis (Thos.) 

16. New record for the province. 

Carway Sd^cf*, 6 9 9, June 30, 1939 (R. M. White). Collected on 
the north slope of the Milk River ridge in Symphoricarpos and tall grass, 
at 4500 ft. elev^on. 

Three males have the supra-anal plate slightly shorter than material 
of M, oregonensis oregonensis from Wyoming although, in other respects, it 
is quite typical of this material. The other five males have the supra-anal 
plate slightly wider and slightly shorter than is usual in this species. The 
furculae are also slightly divergent but longer than is typical in M, oregon¬ 
ensis triangularis from Waterton. These five specimens are best described 
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as atypical M, oregonensis oregonensis as they are closer to that sub-species 
than to M» oregonensis triangularis. This location is apparently an area of 
intergradation between the two races. 

M. oregonensis oregonensis had previously been recorded from Logan 
Pass, Glacier Park, Montana, by Hebard in 1932. This location is at an 
elevation of 6650 ft. and is 20 miles S.W. of Carway. 

Melanoplus oregonensis triangularis Hebard 

16 and 17. Previous records are Middle Fork of Old Man River, 
Coleman, Blairmore, Waterton and Lake Bertha in Waterton Lakes Park. 

Of 58 c? cf and 16 9 9 none show any tendency toward M. oregonensis 
oregonensis. Three males of the series have the lateral margins of the 
supra-anal plate much raised and thickened in the proximal half. 

Melanoplus montanus (Thos.) 

10, 13, 16, 17, and 18. Previously recorded from Moraine Lake, Lake 
Agnes, Mount Fairview, Laggan, Banff, Crows Nest Pass, Blairmore, 
Lake Bertha, Waterton Lakes Park, Cold Lake, Shaftesbury and Fairview. 

The species has been collected by the authors only from Waterton, 
Bellevue, Coleman and Exshaw. 

Melanoplus huroni Blatch. 

10, 13, 19. Previously recorded from Shaftsbury. 

This species, which is one of the rarer Melanopli of Alberta, has been 
collected by the authors from Cold Lake, and Bonnyville in Area 10, 
Jasper in Area 19 and in a number of localities in the Peace River district. 

Melanoplus bivittatus (Say) 

1 to 17 and 19. 

This species, which had previously been reported from a number of 
localities in the province, has been the third most injurious of the economic 
species. Only individuals with bluish-yellow, greenish-yellow or straw- 
coloured tibiae have been taken. 

Melanoplus dawsoni (Scud.) 

2 to 10, 13, 15, 16, 17. This widely distributed spec ies has been 
recorded from a number of localities in the province. 

It is quite abundant in the more humid plains section and in the black 
soil of the park belt adjoining those areas. In the Peace River district. 
Area 13, the species is largely confined to the more open places along the 
river valleys. 

A macropterous specimen was taken at Onefour in 1940 (Rock). 
Melanoplus gladstoni (Scud.) 

1 to 7 and 17. Previous records are Banff, Calgary, Fort Macleod, 
Macleod, Granum, Lethbridge, Bow Island, Cypress and Comrey. 

Northwestern records of this insect, which is usually found in dry 
uplands, are Banff, Wimbourne and Wainwright. 
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Melanoplus confusus Scud. 

1, 3, 5, 7 and 8. The first published record was of a single female 
from the Higdon Ranch, Comrey, taken by Tinkham on July 17, 1938 and 
reported in 1939. 

The following additional records are available: 

Ribstone, Aug. 12, 1937; Heath, July 7, 1938; Morningside, July 11» 
1938; Edgerton, Dunn, Aug. 23, 1938; Elnora, Lousana, July 23, 1939 
Rock). 

Delbourne, July 10, 1938 (White and Rock). 

Redcliff, June 7, 1938; Burdett, June 10, 1939 (White). 

A single male is present from Estevan, Sask. collected, June 19, 1915 
(N. Criddle). 

These 27 <f cT and 15 9 9 all have glaucous tibiae ranging from quite 
deep to fairly weak. This is the earliest maturing species of the Melanopli, 
adults generally appearing about June 1. It is usually found in semi¬ 
upland locations or sand areas in close proximity to clumps of aspen poplars 
in Areas 5, 7 and 8. In the southern portion of the short grass prairies it 
is usually found close to trees along the river bottoms. 

Melanoplus femur-rubrum femur-rubrum DeGeer 

1 to 10 and 16. Previous records are Ponoka, Lethbridge, Medicine 
Hat and Walsh. 

Northwestern records are Cowley, Calgary, Ponoka, Tofield and 
Myrnam. 

This insect rarely reaches outbreak proportion in Alberta and then 
only in isolated, moist areas, particularly irrigated districts. 

Melanoplus borealis borealis (Fieber) 

18 and 19. New record. 

This species was previously recorded from Banff and Beaverhill Lake 
as exiremuSy a synonym of borealis borealis^ but this material was referred 
to borealis monticola by Hebard in 1930. 

6crcrand5 9 9 Athabasca Glacier, 6800 ft.: 4cf’c?’and4 9 9 Junction 
Athabasca and Whirlpool rivers, 5000 ft.: 19 Sunwapta Falls, 5000 ft.: 
2 cT cT and 2 9 9 Mount Coleman, 6100 ft.: 8 c/’ cT and 9 9 9 Bow Summit, 
6800 ft., July, 1939 and August, 1940 (Rock). 

The material from Athabasca Glacier was collected within 50 to 200 
yards of the glacier on springy soil covered by short, woolly grass, a species 
of low-growing birch and some mossy vegetation. There were numerous 
bare places with cherty exposures. 

The specimens from Sunwapta Falls and the junction of the Athabasca 
and Whirlpool rivers and from Mount Coleman were collected in muskeg 
with a few daferf birches and some short woolly grass. The specimens 
from Bow Summit were taken in a wide valley with a similar habitat to 
those from Athabasca Glacier. 

These specimens were compared with, and found to be quite similar to, 
2cfc? of borealis borealis collected at Churchill, Manitoba, by D. C. 
Dunning, Aug. 9, 1937, and determined by A. B. Gurney. (Courtesy 
R. D. Bird). The specimens from the junction of the Athabasca and 
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Whirlpool rivers and from Sunwapta Falls are slightly larger than the 
Athabasca Glacier and Churchill material but still referrable to borealis 
borealis. 

Specimens, determined by Hebard, have been collected at Cold Lake, 
Aug. 1937 (White and Rock) and at Cypress Hills (White). 

Melanoplus borealis monticola Scud. 

2, 4, 13, 14, IS, 17 and 19. Previous records are Cold Lake, Beaverhill 
Lake, Jasper, Mount Fairview, Lake Agnes, Laggan, Banff, Macleod and 
Cypress. 

The authors are separating the monticola material into three groups 
based on wing lengths as this race is supposed to be separated from borealis 
largely on “the reduction in the organs of Might” (Hebard (3) P. 397). 

(a) Tegmina not extending beyond tlie basis of the genicular lobes of 
the caudal femora, 3cfc?' and 23 9 9. Henry House, Leech Lake Jasper 
National Park, Marlboro, Goodwin, Valley view, Debolt, Hines Creek, 
Dixonville, Deadwood, Nesta and Ryley. 

(b) Tegmina extending to a point between the basis of the genicular 
lobes and just beyond the apices of the caudal femora, 366^ cT and 119 9. 
Henry House, Obed, Marlboro, Goodwin, Beaverlodge, Hines Creek, 
Grimshaw, North Star, Nesta, Donnelly, McLennan, Joussard, Wagner, 
and Nestow in Alberta: Pouce Coupe and Baldonnell, B.C. in the Peace 
River Block. 

(c) Tegmina extending well beyond the apices of the femora, 

and 8 9 9. Valley view, Goodwin, Grosmont, Beaverlodge, Hines (?reek, 
Bluesky, Whitelaw, Grimshaw, Notikewin, Joussard, Smith, Athabasca, 
Nestow, Duffield and Seba Beach. Some of the specimens of this group, 
both males and females, have the tegmina extending as much as 7 mm. 
beyond the apices of the caudal femora. 

Some monticola individuals, taken at altitudes of 1900 to 3800 feet, 
from various locations in Alberta, are larger and lighter in colour than 
borealis. 

The penes were exposed in a number of specimens of different wing- 
length. Some variation in the penes was observed but this variation did 
not appear to be correlated with length of the tegmina. 

In a number of publications Hebard has stated that monticola is 
the least well defined of the races of borealis.'' With this the authors 
heartily agree. They are strongly of the opinion that monticola should be 
synonymized but hesitate to suggest it as they have only seen material of 
this race from Alberta, Wyoming, southern Utah and Manitoba. 

They also wish to thank K. H. Strickland for the loan of his material 
of this race, determined by Hebard. 

Melanoplus borealis junius Dodge. 

13. New record. 

One male, collected July IS, 1938, Valleyview, Peace River district 
(Rock). This male is, to all appearances, identical to two males from 
Senkiw and Aweme, Manitoba (R. D. Bird) which were determined by 
Hebard. 
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The authors are doubtful of the validity of this weakly defined race, 
although the only material oijunius that they have seen is from Manitoba. 

Melanoplus infantilis Scud. 

1 to 11, 13, 16 and 17. This insect has been recorded from a number 
of localities, the northernmost being Leduc. 

North of Edmonton it is confined largely to the dry hillsides along 
river valleys. It has been taken in such habitats as Beaverdam, Cold 
Lake, Peace River and Dunvegan. South of Edmonton it is found in 
large numbers in grasslands. 

Melanoplus alpinus Scudder 

2, 16, 17. Previous records are Crow’s Nest Pass, Blairmore, Fort 
Macleod and Cypress. 

The species has been collected from a number of locations in the 
Cypress Hills and in the foothills, the most northerly record being Canmore. 
Bruner’s specimens from Fort Macleod were evidently taken in the foot¬ 
hills west of Macleod. 

Melanoplus kennicotti kennicoiti Scudder 

4, IS, 16, 13, 16, 17. Previously recorded from Banff and the South 
Fork of the Old Man River near Fort Macleod. 

The most northerly records are from Brownvale and Fairview, in the 
Peace River district. It is the most abundant grasshopper in Jasper Park. 
In the plains section of the province it is not common and adults are usually 
found in short dry grass. In the more moist areas it is found in dry grass 
along river banks. 

Three males, which constituted the first record for British Columbia, 
were taken July 16, 1938 (White and Rock) on the north bank of the Peace 
River at Taylor. 

Melanoplus occidentalis occidentalis (Thos.) 

1, 3, 4, 5, 16. Previously recorded from Comrey and Lethbridge. 
Northwestern limits of this uncommon grass species are Cowley and 

Drumheller. 

Melanoplus fasciatus (F. Walker) 

2, 8 to 17, 19. Previous records are Cold Lake, Athabasca, Edmonton, 
Laggan, several locations near Banff, Crow’s Nest Pass, Blairmore and 
Cypress. 

Apart from the Cypress Hills, southeastern records are Waterton 
Cowley, Ex^aw, Alix and McLoughlin. This is a common species in 
mountainou^nd wooded areas. Macropterous specimens have been taken 
at Perryvale, Athabasca, Lesser Slave Lake, McLennan, Hines Creek and 
Valleyview. A previous Edmonton record is based on the macropterous 
form. 

A gynandromorphic specimen is in the collection from Sturgeon 
Heights, Peace River district, July 17, 1938 (Rock.) Male characteristics 
are visible in the insect only in the genitalia, of which the right half is male 
and the left half female. In detail, the cerci are complete and normal on 
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each side—a male cercus on the right and a female cercus on the left. The 
supra-anal plate is a combination of male and female characters; the right 
half has male characters, including the ridge adjacent to the median sulcus, 
and a fercula but the left half is almost typically feminine, lacking ridge 
and fercula. The male sub-genital plate is almost complete on the right 
side of the median line but the left half has the appearance of having had 
the apical half cut out. One dorsal and one ventral ovipositor valve is 
present in the left side but both valves are displaced distad-laterad. Except 
for their displacement they appear to be quite normal. 

Melanoplus mexicanus mexicanus (Sauss.) 

This, the most destructive species of the orthoptera in Alberta, has 
been recorded in the literature from a number of localities southeast of 
Lake Louise and Wetaskiwin. 

Typical material was collected in a large number of localities in Areas 
1 to 8, 16, 17 and from Perry vale and Athabasca in Area 12, Beaverlodge 
and Debolt, Area 13, and Taylor in the Peace River Block. 

There is a typical material, in which the subgenital plate is more 
produced and not conspicuously notched and the furculae are much longer 
and heavier than in typical mexicanus, from the following points: Waterton, 
Banff, Castor, Hughendon, Edson, Obed, Beaverlodge, Grimshaw and 
from Taylor, B.C. 

Melanoplus bruneri Scudder 

2, 7 to 19. Area 19 is the only new record of distribution. 

A typical material, in which the ferculae are shortened and the sub¬ 
genital plate less produced than in typical bruneri, was collected from 
Mountain View, Banff, Morley, Jasper, Wabamun, Edmonton, Myrnam, 
Bonnyville, Nestow, Peace River, Debolt, F'airview and Taylor, B.C. 

In the transitional area of this province, where the park belt approaches 
prairie conditions, specimens which apparently intergrade between bruneri 
and mexicanus can be found. It would appear to the authors that M. 
bruneri might well be relegated to racial status, under M. mexicanus, as it 
appears to be merely a boreal form of that species. 

Melanoplus keeleri luridus (Dodge) 

3. Previously recorded from Minda, in Area 3. 

This species has not been collected by the authors. 

Melanoplus packardi packardi Scudder 

1 to 16, 19. Previously recuided from Calgary, Fort Macleod, Leth¬ 
bridge, Chin, Whitla, Medicine Hat, Minda and Comrey. 

Jasper, Peace River, Perryvale and Cold Lake are northern records. 
A number of specimens were taken in the Jasper district, near Peace River 
and at Perryvale in which the rear tibiae were lilac-coloured when collected 
but which turned deep red when dry. These were determined by Mr. 
A. B. Gurney. 

This, the fourth most injurious grasshopper to crops in Alberta, is 
quite plentiful over a wide range of habitats in Areas 1 to 11. All of the 
specimens taken in these areas have glaucous tibiae. 
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Melanoplus foedus foedus Scudder 

Orion, in Area 3. New record for the province. A single male was 
collected among sand dunes at Orion, July 14, 1939 (White). Without 
examination of the internal genitalia the specimen would have been 
identified as packardi. Caudal tibiae are glaucous. 

The previous northwestern records for the species as given by Hebard 
in 1932 were Missoula, Cascade and Forsyth, Montana. 

Melanoplus foedus fluviatilis Bruner 
4. New record. 

A single teneral male was collected at Lethbridge, Aug. 10, 1933 
(White) and determined by A. B. Gurney. 

Columbus, Pompey’s Pillar and Terry, Montana, are previous north¬ 
western records. 

This record is approximately 325 miles northwest of any previous 
record of distribution. 

Melanoplus angustipennis (Dodge) 

3 and 7. New to the province. 

Previous northwestern limits for this inhabitant of sandy areas were 
Tortman, Glasgow and Poplar, Montana and Aweme, Manitoba. 

Sd’c?’, 6 9 9, July 13, 1933, July 14, 1939 (White); Ic?* Orion, July 
14, 1939 (C. L. Neilson); Id^, 19, Czar, Aug. 18, 1938, 2crd^,29 9, 
Hughendon, Aug. 23,1939, TcT cf, 6 9 9 , Orion, July 16, 1940, 1 cf, Comrey, 
July 14, 1940 (Rock). 

Melanoplus flavidus flavidus Scudder 

3, 4, 5 and 7. Previous records are Drumheller, Lethbridge and 
Medicine Hat. 

The northern record of this grass-feeding inhabitant of sand areas is 
Heath. 

There is a possibility that the previous records from Lethbridge, 
Medicine Hat and Drumheller refer to M, bowditchi canus. Although 
flavidus and bowditchi canus are easily distinguishable in the field, difficulty 
was experienced in separating dried material until the penes were compared. 

The writers have taken authentic specimens of flavidus only from 
Metiskow, Hughendon, Amisk, Heath, Ribstone andGrion. 

Melanoplus bowditchi canus Hebard. 

1, 3, 4 and 5. Previous records are Morrin, Lethbridge, Medicine Hat 
and Comr^ 

Morrin and Empress are northern records. 

This inhabitant of sage brush areas has been taken only from around, 
or on, Artemesia cana Pursh. and is usually confined to eroded areas and 
river valleys. Dried specimens may easily be confused with M, flavidus 
but are readily distinguished by comparing the penes. 

Drawings of thiSsOrgan of M. flavidus and of M, bowditchi canus are 
shown in Figures 2 and 3, respectively. 
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Asetnoplus montanus (Bruner) 

16. This previously incorrectly recorded species was first collected by 
E. R. Buckell at Bellevue. Material was collected at Waterton and 
Bellevue, Sept. 19 and 20, 1939 (White). 

The species had been reported in error from Waterton by Hebard in 
1928, but this was corrected by him in 1930, the material actually represent¬ 
ing A, sontesi Hebard. 

Asetnoplus somesi Hebard 

16 and 17. Previous records are Banff, Lake Louise, Blairmore, 
Waterton and Lake Bertha, Waterton Lakes Park. This species has been 
collected by the authors only from the above localities. 

Asetnoplus hispidus (Bruner) 

Hebard, in 1930, writes of this species, '‘The only record of this species, 
to which somesi is closely related, is that part of the original series of the 
synonym Podisma nuda Walker from Mount Piron near Laggan (Lake 
Louise).” 

The authors have not collected it. 

Phoetaliotes nebrascensis (Thos.) 

1, 3, 4 and S. Previous records are Fort Macleod, Macleod, Leth¬ 
bridge, Medicine Hat. Walsh and Comrey. 

Northern records of this rather uncommon species of the grasslands of 
southern Alberta are Gleichen and Hilda. 
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PINK ROT DISEASE OF POTATOES IN BRITISH COLUMBIA* 

Walter Jones* 

Dominion Laboratory of Plant Pathology, Saanichton, B.C. 

[Received for publication March 21. 1945] 

In the autumn of 1943 a few diseased potato tubers that exhibited 
symptoms not previously seen by the author were obtained from the 
Okanagan district of British Columbia. These symptoms were somewhat 
similar to those associated with blackleg and Pythium soft rot. On micro¬ 
scopic examination, coenocytic mycelium was found within the diseased 
tissue, and when the fungus was isolated and cultured it was identified as 
Phytophthora erythroseptica Pethy. This was first described by Pethybridge 
(1) as the cause of the pink rot disease of potatoes in Ireland. According 
to McLarty (2), the disease was found in localized areas of one Okanagan 
field, and caused a crop loss of approximately 30% owing to wilt, stem 
decay, and the rotting of the tubers. 

EXPERIMENTAL METHODS AND RESULTS 
Symptoms of Diseased Tubers 

In artificially inoculated tubers of different varieties, the most charac¬ 
teristic external sympton was a dark discoloration of the lenticels. This 
was quite pronounced in the young tubers and in the tubers of white skinned 
varieties (Plate 1). Where it was possible to skin the affected parts, the 
tissue adjacent to the lenticels appeared as distinct black spots on the 
surface of the dull white flesh. Other external symptoms were a dullness 
of the skin and a purplish discoloration of the eyes. The surface discolora¬ 
tion varied with the varieties. Thus, in the Netted Gem and the Columbia 
Russett varieties, the diseased tubers appeared almost normal, while in the 
Burbank and the White Rose varieties, the diseased areas were much 
darker than the healthy areas (Plate 1). The affected tubers were fairly 
firm but somewhat resilient, and when pressed, a brownish watery liquid 
oozed through the broken skin. These latter symptoms are somew^hat 
similar to those associated with the tuber soft rot caused by Pythium 
ultimum Trow., as reported by Jones (3). 

Immediately after cutting, the flesh of the diseased tubers appeared 
dirty white and moist, but after a few minutes exposure to the air, a faint' 
pink colour developed. Within a half-hour period, the w^hole of the cut 
surface assumed a deep salmon pink colour w^hich after a long exposure, 
changed to a purplish black. W^ien the affected tubers wx're kept relatively 
dry, the texture of the diseased tissues remained fairly firm and somew^hat 
leathery, but when kept in a moist chamber or in the soil, they rotted, and 
whitish mycelial tufts of secondary organisms developed on the lenticels. 
In general, the above symptoms agree with those described by Pethybridge 
( 1 ). 


»Contribution No. 814 from the Division of Botany and Plant PatholoRy, Science Service, Dominion 
Department of Agriculture, Ottawa, Canada. 

* Assistant Plant Pathologist. 
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The Pathogen 

The fungus grew readily in culture, and on malt and potato dextrose 
agar media produced numerous oospores. When pieces of mycelium were 
transferred to a solution of M/100 potassium nitrate, a few sporangia 
developed. These were usually single and terminal but on rare occasions 
the conidiophores were sympodially branched (Plate 2). The morpho¬ 
logical characteristics of the oogonia, the antheridia, the oospores, the 
sporangia, and the mycelium agree with those described by Pethybridge (1). 

Pathogenicity of the Fungus to Tubers of Different Varieties 

Five potato tubers each of the varieties Warba, Epicure, Irish Cobbler, 
White Rose, Netted Gem, Burbank, Green Mountain, Columbia Russett, 
and Sequoia were used for this experiment. By means of a cork borer, 
tissue was taken out from the stem end of each tuber to a depth of a quarter 
of an inch. After uniform discs of an actively growing culture were placed 
inside the cavities, the plugs of the tuber tissue were re-inserted and sealed 
with paraffin wax. The tubers were then incubated at 24° C. 

All the tubers developed symptoms of the pink rot disease, and after 
6 days, no significant difference in varietal susceptibility was found. 

Pathogenicity of the Fungus to Growing Plants and Tubers 

This was determined in the greenhouse by planting potato tubers of 
the Warba variety in steam sterilized soil, and in steam sterilized soil 
inoculated with diseased potato tissue obtained from artificially inoculated 
tubers. Two test series were run, with 10 inoculated and 5 check pots in 
each series. 

Inoculation of the soil was done by cutting diseased tubers into quarters 
and placing 8 of these quarters a few inches below soil level in each pot. 
Small whole tubers of the Warba variety, previously dipped in an organic 
mercury solution were then planted. In the first series, the potatoes were 
planted in February, and the plants dug up and examined 20 days later 
before any tubers had developed. In the other series, the potatoes were 
planted in March, and the plants were allowed to grow until good sized 
tubers had developed. 

In the first series, all the check plants grew normally. In the in¬ 
oculated pots, 4 of the mother tubers had rotted, and 6 were normal. The 
sprouts that grew from 5 of the tubers showed brown, necrotic lesions 
rather similar to those associated with Rhizoctonia ipfection (Plate 1). 
Within this necrotic tissue, oospores of the fungus were present. 

In the second series, all the plants and tubers in the check pots were 
healthy. In the inoculated pots, all the plants grew normally throughout 
the early growiii Period, but a few leaves of some of the plants wilted during 
the later stages of growth. The harvested tubers of 2 plants were all 
healthy, while the tubers of 1 plant were all affected with the pink rot 
disease. Each of the other 7 pots contained some healthy tubers and some 
tubers affected with pink rot. On a few stems, the tissues of the basal 
parts were shrunken and necrotic, and aerial tubers were produced on the 
stems of 2 plants (Plate 1). 
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Growth Temperature of the Fungus 

Inoculum from an actively fjrowing culture was transferred to plates 
containing malt agar and incubated at the following temperatures: 4° C., 
8° C., 20® C., 24® C., 28® C., and 34® C. F'ive plates were used for each 
series. After 6 days, the average growth was respectively 0, 2, 6, 7.5, 
3.5 and 0 centimetres in diameter. The results indicate that the optimum 
temperature for growth of the fungus is approximately 24® C., the minimum 
between 4® C. and 8® C., and the maximum below 34® C. 

Pathogenicity of the Fungus to Potato Tubers at Different Temperatures 

Potato tubers of the Burbank variety were used in this experiment 
because the external symptoms of the disease are well defined in this 
variety. Thirty tubers were inoculated w'ith a pure culture of the fungus 
and incubated at 4® C., 8® C., 20® C., 25® C., and 28® C., with 6 tubers at 
each temperature. 

The rate of infection was determined by measuring the extent of the 
decay from the stem to the apical ends, with index “one” representing the 
maximum decay. Slight symptoms of the disease were observed on the- 
second day in the series incubated at 20® C., 25® C. and 28® C. On the 
fifth day, the average indices of infection at these temperatures were .5, 
.8 and .6, and on the sixth day, .7, 1.0, and .8, respectively. At the 
end of the sixth day there were no symptoms of decay in the tubers 
incubated at 4° C. and 8® C, 

These results indicate that the optimum temperature for the develop¬ 
ment of the pink rot disease in potato tubers is approximately 25® C. 

DISCUSSION 

Pethybridge (4) claimed that the parasite was found in all the under¬ 
ground parts of the plant, and that oospores were present in the diseased 
tissue. He also stated that the parasite can cause a wilt disease which 
usually appears late in the season, and that frequently a crop of small 
aerial tubers may be produced. These observations agree with the results 
obtained in the above pathogenicity experiment with growing plants. It 
is interesting to note that conical necrosis of the sprouts as well as the 
formation of aerial tubers are field symptoms usually attributed to Rhizoc- 
tonia infection. In this experiment, there was a slight wilting of some of 
the leaves of the plants which were grown in the inoculated pots, but 
otherwise there w^as no significant difference between them and those grown 
in the check pots. Numerous tubers, however, of the plants grown in the 
inoculated soil were affected with the pink rot disease. This indicates that 
the disease is essentially a tui^er disease, and that infection of tubers may 
occur in the soil during growth where the pathogen is present. 

Control Measures 

To control the disease, Pethybridge (4) recommends growing potatoes 
only on land in proper rotation, and the removal and destruction of all 
affected parts, including the diseased tubers. 

Since the optimum temperature for the growth of the fungus is approxi¬ 
mately 24® C., and that for the development of the disease in tubers is 
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approximately 25® C., it is obvious that care should be taken to remove all 
diseased tubers at harvesting time. This is particularly important in the 
case of tubers harvested during warm weather, and in those, stored or 
shipped at relatively high temperatures. 

SUMMARY 

1. The ixxngxxs Phytophihora erythroseptica the causal organism 

of the pink rot disease, was isolated from diseased potato tubers obtained 
from the Okanagan district of British Columbia. 

2. The symptoms of the disease in inoculated tubers are a dark dis¬ 
coloration of the lenticels, a dullness of the skin, and purplish discoloration 
of the eyes; the flesh on cutting is dirty white, turning to faint pink, then 
to deep salmon pink within one-half hour. 

3. The fungus proved pathogenic to potato tubers of the varieties 
Warba, Epicure, Irish Cobbler, White Rose, Netted Gem, Burbank, Green 
Mountain, Columbia Russett and Sequoia. All appeared to be equally 
susceptible. 

4. Plants grown in soil inoculated with the fungus developed symptoms 
of pink rot in the mother tubers and in young tubers, as well as necrosis of 
stolons, sprouts, and basal parts of the stems, and wilt of some of the 
leaves towards the end of the growing period. 

5. The optimum temperature for the growth of the fungus is approxi¬ 
mately 24® C., the minimum between 4® C. and 8® C., and the maximum 
below 34® C. 

6. The optimum temperature for the development of the disease in 
potato tubers of the Burbank variety is approximately 25® C. 

7. Control measures consist in crop rotation, destruction of diseased 
refuse, and careful grading of the crop before putting in storage or before 
marketing. 
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THRESHING-INJURY TO FLAX SEED IN CANADA^ 

J. E. Machacek and a. M. Brown* 

Dominion Laboratory of Plant Pathology, Winnipeg, Manitoba 
[Received for publication April 18, 1945] 

In 1940, when 62 different lots of No. 1 C.W. commercial flaxseed, 
treated and untreated, were sown in non-sterile soil in a greenhouse, it 
was found that in some lots the treated seed showed a marked improvement 
in germination, while in other lots the treated and the untreated seed 
germinated equally well. At first it appeared that this difference was due 
to some varietal influence, or to a variation from lot to lot in the percentage 
of seeds infected with pathogenic micro-organisms. Subsequent tests 
revealed that neither of these factors was apparently involved. There was 
frequently a greater difference, in their response to seed treatment, between 
two seed lots of any given variety than there was between two seed lots of 
different varieties. A plating-out test of non-sterilized seed showed that 
the seed responding most markedly to seed treatment was often relatively 
free from micro-organisms. Furthermore, when the 62 lots of commercial 
seed were planted in autoclaved soil, in almost every case the untreated 
seed germinated as well as did the treated seed. These findings indicated 
that soil-borne, instead of seed-borne, micro-organisms were responsible for 
the differences in seed germination observed when treated and untreated 
flax seed was planted in non-sterile soil. 

It was not until seed from different lots of flax was scrutinized through 
a low-power binocular microscope that the cause of the differences in seed 
germination became apparent. The seed lots responding to seed treatment 
contained fractured kernels (Figure IB) in percentages proportional lo the 
degree of revSponse to seed treatment. These fractures were usually minute 
and escaped observation by the unaided eye, but they were deep, and in 
most kernels extended into the cotyledons. It appeared, therefore, that, 
when fractured kernels were planted in non-sterile soil, soil-borne micro¬ 
organisms invaded the kernels through the fractures and prevented them 
from germinating. On the other hand, when the seed was treated, the 
kernels were protected from such invasion and, on germination, produced 
seedlings with cotyledonary leav’es bearing scars where the fractures had 
occurred (Figure 1C). 

An investigation showed that fracturing of flax kernels occurred when 
the seed was threshed by machines equipped with a steel ihreshing cylinder. 
There was no fracturing when flax was threshed by hand or when the 
plants were passed between tw^o rubber rollers. 

In view of the increased importance of the flax crop during the present 
wartime emergency, it was thought desirable to investigate the prevalence 
and the economic significance of threshing-injury to flax in Canada, and to 
study ways of preventing losses from this injury. A preliminary report 
regarding this investigation has already been published (3). The results 
of more detailed experiments, carried on from 1940 to 1943, inclusive, are 
summarized and discussed in this paper. 

* Contribution No. 828 from the Division of Botany and Plant Pathology. Science Service. Dominion 
Department of Agriculture, Ottawa, Canada. 

* Assistant Plant Pathologists. 
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VFigure 1. Threshing-injury to flax seed. A. Uninjured kernels. B. Fractured 
kernels. C. Seedlings from treated, fractured seed showing scars on cotyledonary leaves. 

REVIEW OF LITERATURE 

It appears that Stevens (7) was the first to draw attention to threshing- 
injury in flax. He reported that fractured kernels germinated poorly in 
the germination chamber and in the field. Hartel (2) also found that 
fractured flax kernels germinated poorly in the laboratory, and suggested 
that the seed became fractured when the crop was threshed during exces¬ 
sively dry weather. Schuster and his co-workers (6) reported that thresh¬ 
ing-injury to flax oc>:urred in the State of Washington. Their findings, in 
general, were Similar to those obtained earlier (3) by the, present writers. 
Moore and Christensen (5) found that mechanical fracturing of the seed 
coat was prevalent in flax seed from the United States and from Canada, 
and that injured seed, particularly that of golden-seed varieties, responded 
more to seed tre^ment than did uninjured seed. 

MATERIALS AND METHODS 

The flax seed used in the present investigation was obtained from a 
number of different sources. Thus, for a survey of the prevalence of 
threshing-injury in Canada, a large number of seed samples were obtained 
from farms, either directly or through the agency of various elevator com- 
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panics (North-west Line Elevators Association, Manitoba Pool Elevators 
Ltd., and United Grain Growers Ltd.) and the Manitoba Department of 
Agriculture. For a study of the relation of threshing-injury to market 
grade, samples from carload lots of flax seed were obtained through the 
courtesy of the Grain Inspection Division, Department of Trade and 
Commerce, Dominion of Canada. Additional seed lots, drawn from 
various experimental farms and stations across Canada, were used to 
determine the amount of threshing-injury in different varieties of flax. 
Finally, uninjured lots of seed were obtained by threshing flax plants by 
means of an ordinary clothes wringer. 

The percentage of fractured kernels in a sample of flax seed was 
determined by one or more of the three following methods: 

Method 1. A 100-kernel lot was spread in a one-layered narrow 
band on the adhesive side of a cellulose tape (Durex). The tape, with 
the attached seeds, was then drawm slowly across the field of a low^- 
power binocular microscope and a count was made of the fractured 
kernels. 

Method 2. A 100-kernel lot was taken from a seed sample, 
treated with diluted New Improved Ceresan, and then planted in non- 
sterile soil in the greenhouse. When the seedlings had emerged they 
were counted, and then a second count was made of the seedlings with 
scarred cotyledonary leaves (Figure l('). The ratio of the second 
total to the first total was used to obtain the percentage of deeply- 
fractured kernels. 

Method 3. Two 100-kernel lots were taken from each seed 
sample and, after one of these lots had been treated with diluted New 



Figure 2. Relation of the percentage of fractured kernels in flax to the per¬ 
centage increase in germination resulting from seed treatment. 
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Improved Ceresan, both lots were planted in adjacent rows in a bed 
of non-sterile soil. The percentage increase in germination resulting 
from seed treatment was determined and this value was interpolated 
on the graph shown in Figure 2. This interpolation showed, on the 
ordinate axis, the percentage of fractured kernels in the seed. The 
method was found to be inaccurate for seed containing many kernels 
infected by pathogenic micro-organisms, for the readings from the 
graphs were too high in comparison with the values obtained by 
Methods 1 and 2. As the majority of the flax seed samples tested 
were relatively free from infection and considerable information 
regarding the seed could be obtained through this method, it was the 
one generally followed. 

In experiments to compare the protective value of different seed 
disinfectants, the disinfectants were usually applied as prescribed by their 
manufacturers. In routine tests, however, diluted New Improved Ceresan 
was regularly used to treat the seed. This disinfectant was chosen primarily 
because it was the one most readily available during the period of this 
study. When it was used diluted, one volume of it was mixed with two 
volumes of talc. In treating seed, a small quantity of the dilute dis¬ 
infectant was poured into a glass beaker, the seed was then added, and, 
after thorough mixing, the excess dust was screened off into a second 
beaker. By a series of determinations with mixed lots of flax seed, it was 
found that the maximum amount of dust retained on the seed was 13.79 
ounces to the bushel. This quantity of dust did not seem to harm the 
seed at all and its use prevented the loss of time required for the weighing 
out of minute quantities of undiluted dust. The protection afforded by 
this load of dilute dust was found to be about equal to that given by 1.5 
ounces of undiluted New Improved Ceresan added to a bushel of seed. 

The soil used for the tests was previously adjusted to a suitable degree 
of friability by a method described elsewhere (4). In all experiments, 
except those in which soil temperatures were involved, the soil was placed 
in frames on greenhouse benches. In experiments involving soil tempera¬ 
tures, the soil was put in 1-gallon earthenware jars held in Wisconsin-type 
temperature tanks. When sterile soil was required, the adjusted soil was 
put in 1-gallon containers and steamed for 3 hours at 15 pounds pressure. 

The majority of the field experiments discussed in this paper consisted 
of 3-row plots (rows 10 feet long and 1 foot apart) arranged in randomized 
blocks, with at least 6 replicates of each treatment, and sown by hand. 
The middle row in each plot was used to obtain information regarding seed 
germination and yield, while the 2 lateral rows were used as buffers. In 
other field experiments, the plots were 1/100 acre in size and were arranged 
either in rando^^zed blocks or in Latin squares.. These larger plots were 
sown with a horse-drawn drill which spaced the rows 6 inches apart. 

In the greenhouse, where the temperature was held at approximately 
70® F., counts of plants were made 10 days after the seed was sown. In 
the field, however, the plants were not counted until they were mature. 

When the plants in the field were ripe, those in the 10-foot row experi¬ 
ments were pulled, and then threshed by passing them between the rollers 
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PERCENTAGE INCREASE FROM TREATMENT 

Figure 3. Percentages of seed samples with different degrees of threshing-injury. 
Aobve: crops of 1941 and 1942. Below” crops of 1940 and 1943. 
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of an ordinary hand-operated clothes wringer. The plants in the 1/100 
acre plots were usually cut, after the border rows had been discarded, with 
a binder, and then threshed with a power-driven, stationary thresher. 

Germination and yield data of most of the greenhouse and field experi¬ 
ments reported in this paper were analyzed statistically by the analysis 
of variance method. 

PREVALENCE OF THRESHING-INJURY IN CANADA 
General Distribution 

In all, 2,630 samples of flax seed from different parts of Canada, and 
produced during the years 1940 to 1943, inclusive, were tested for threshing- 
injury. These tests showed that, in the 253 samples of the 1940 crop that 
were tested, on the average 52% of the kernels were fractured, while in 
1,161 samples from the 1941 crop, in 608 samples from the 1942 crop, and 
in 608 samples from the 1943 crop, the average percentage of fractured 
kernels was 35%, 35%, and 52%, respectively. 

The striking similarity in the percentage of fractured kernels between 
the crops of 1940 and 1943, and between those of 1941 and 1942, was 
emphasized by a further comparison of seed samples. When these samples 
were grouped in classes according to the percentage increase in seed 
germination resulting from seed treatment, it was found (Table 1) that 
the percentage of samples falling into corresponding classes was similar 
for the years 1940 and 1943, and also for the years 1941 and 1942. These 
similarities are shown graphically in Figure 3. 
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It was most difficult to account for the similarities within the pairs of 
years and for the differences between the pairs. After an examination of 
several possibilities, it was concluded that coincidental similarities in 
weather conditions prevailing during threshing were responsible. The 
weather was relatively dry at threshing time in 1940 and 1943 (threshing- 
injury severe), while, in 1941 and 1942 (threshing-injury moderate), it was 
moist. This conclusion was supported by the observations of Hartel (2), 
and also by the results obtained from a study of the market grades of flax 
seed from the crops of these four years. The flax from the crops of 1940 
and 1943 graded well, most of it falling into grade No. 1 C.W. or No. 2 C.W. 
Some of the seed of the 1941 and 1942 crops fell into these high grades, but 
the bulk of it, chiefly on account of weathering and moulding resulting 
from’ prolonged moist weather, fell into lower grades. It appeared, there¬ 
fore, that dry flax seed was very brittle and easily fractured during thresh¬ 
ing, while flax seed of relatively high water content, being less brittle and 
also buffered to some extent by the spongy material from moist bolls, was 
not so subject to injury. A few seed lots from the 1941 and 1942 crops 
were weathered as well as fractured, and many of the kernels were actually 
fragmented. This condition of the seed indicated that an attempt had 
been made to thresh the flax when it was damp; and, to overcome the 
difficulty involved, the teeth of the concaves and cylinder of the thresher 
had been set too close, with the result that the seed received considerable 
injury even though it was damp. 

Occurrence of I'hreshing-Injury in Different Areas 

Most of the samples of flax seed studied originated in Western Canada 
(Manitoba, Saskatchewan, and Alberta), and only relatively few in Eastern 
Canada. This unequal distribution in respect to the source of seed did 
not permit a fair comparison of the two areas in respect to the prevalence 
of threshing-injury in them; but the results of the tests suggested that the 
seed from Eastern Canada, probably on account of moister weather at 
threshing time, was much less injured than that from Western Canada. 

The distribution of threshing-injury in Western Canada is shown in 
Table 2. In each year of the four years during which seed samples were 
tested, flax seed originating in Manitoba was slightly less injured than that 
from Saskatchewan and Alberta. This difl’erence, again, could be attri¬ 
buted only to a difference in weather conditions during threshing. 

Occurrence of Threshing-Injury in Different Commercial Grades of Flax 

Tests with 565 officially-graded samples of flax seed showed (Table 3) 
that there was apparently no o lation between the commercial grade of 
flax seed and the percentage of fractured kernels in it. This result might be 
expected, because flax seed is gritded largely on the basis of its appearance; 
that is, high grades are given to vSeed that is bright and glossy, while low 
grades are given to seed that is dull and off-colour. The appearance of the 
seed depends, however, on the kind of weather before it is threshed, while 
the percentage of fractured kernels in the seed seems to depend on the 
kind of weather during which it is threshed. Thus, bright seed, as well as 
weathered seed, will contain many fractured kernels when threshed during 
dry weather and relatively few when threshed during moist weather. On 
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this account, lightly-fractured and severely-fractured lots of seed may fall 
into the same grade, and, as the present observations indicate, the average 
injury to seed may be no greater in one grade than in another. 


Table 2.—Average percentage of fractured kernels in flax seed produced in 
Manitoba, Saskatchewan, and Alberta during 1940, 1941, 1942, and 1943 


Crop year 

Province 

Mean 

Manitoba 

i Saskatchewan 

i 

Alberta 

1940 

49 

63 

51 

51.0 

1941 

j 

33 

37 

36 

35.3 

1942 ' 

32 

35 

34 

33.6 

1943 

47 

51 

54 

50.6 

Mean 

40.2 

46.5 

43.7 



Table 3.— Average percentage of fractured kernels in different 
commercial grades of flax in 1940, 1941, 1942, and 1943 


Grade 

Crop year 


1940 

1941 

1942 

1943 

No. 1 C.W. 

52 

36 

27 

52 

No. 2 C.W. 

_* 

33 

30 

47 

No. 3 C.W. 

— 

35 

27 

43 

No. 4 C.W. 

— 

34 

— 

— 


* No samples available. 


Occurrence of Threshing-Injury in Different Varieties of Flax 

It was suggested earlier (3), and this view received support by Schuster 
et al. (6), that threshing-injury was more severe in large-seeded varieties of 
flax than in small-seeded ones. A recent study of' 15 varieties of flax 
grown at each of nine experimental stations in different parts of Canada, 
and in two different years, indicated that there was a relatively close 
relation bejj|een the size of flax kernels and the percentage of them that 
were fractured. Data relating to 4 of these varieties are given in Table 4. 
Two of these varieties (Royal and Bison) are large-seeded and were, for 
the 15 varieties studied, on one end of the kernel-size scale, while the other 
2 varieties (Redwing and Gossamer) are small-seeded and were at the other 
end of the kernel-size scale. The weights, per 1000 kernels obtained from 
composites made up of 16 samples of each variety, were as follows: Royal, 
5.90 gm.. Bison, 5.60 gm.. Redwing, 4.77 gm., and Gossamer, 4.35 gm. 
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Table 4.—Relation of kernel size in flax to the percentage of 

FRACTURED KERNELS IN THE SEED 





Percentage of fractured kernels 





1940 seed 

1 

1941 seed 

Source of seed 

Large kernels j 

Small k<‘rnels 1 

^ _ 1 

Large kernels * 

Small kernels 


Koval 1 

Bison 1 

Ke<l- 1 

CjOSS- 


1 

Bison 1 

Kwl- ' 

C'.oss- 


' 


wing 

ainer 

Ko\ al 1 

1 

wing 

amer 

Nappan, N.S. 

32 ! 

20 

1 

25 i 


■ 

0 

0 

0 


Morden, Man. 

83 

62 

45 i 

60 

1 36 

41 1 

12 1 

28 

Brandon, Man. 

49 j 

35 

41 1 

15 

1 5 

25 

12 ' 

3 

Melfort, Sask. 

57 : 

68 

52 i 

48 

1 10 

KS 

0 , 

4 

Swift Current, Sask. 

65 . 

78 

70 

90 

! 28 

28 

15 i 

34 

Scott, Sask. 

59 ! 

56 

54 

62 

: 56 

58 

62 , 

— 

Lethbridge, Alta. 

79 i 

39 

56 

53 

i 50 

48 

47 i 

34 

Laconibe, Alta. 

24 1 

27 

! 21 

14 

, 22 

23 

19 1 

29 

Beaverlodj^e, Alta. 

81 1 

92 

I 66 

70 

1 28 

28 

23 1 

0 

Mean* 

58 7 ’ 

53 0 

1 47 7 1 

47 7 

' 26.1 

1 

29 5 ! 

j 

21.1 ' 

18.1 

Meant 

55 

8 

: 47 

i 

7 

• 27 

' « 

1 

19 

.9 


* Mc.in of 'Stations. 

t Mean ol largo-seerled and <mali seeded varieties. 


Effect of Soil Type and Soil Temperature on Germiyiation of Fractured Flax 
Seed under Greenhouse Conditions 

Flax has been jurown in Western Canada reasonably successfully on a 
wide variety of soils. Ordinarily, however, farmers have found it advan- 
taj^eous to plant less seed per acre on lii^ht soils than on heavy soils. This, 
in part, was due to the fact that flax seed stemed to germinate l^etter in 
light than in heavy soils. 

One of the reasons for the better germination in light soils seems to be 
that fractured flax seed is less likely to decay in light soil than in heav>^ 
soil. When, during this investigation, 30 different lots of flax seed were 
planted in each of four different soils, it was found (Table 5) that fractured 
seed, when treated, germinated equally well in all four soils; but, with 
untreated seed, the percentage germination decreased with each increase 
in soil density. 

Treated, fractured seed appeared to germinate equally well in a range 
of temperature from 10° C. to 30° C. (Table 6), but the rapidity of germina¬ 
tion was highest at 30° C. In untreated seed, the percentage of kernels 
germinating increased progressively up to 25° C'. but fell off at 30° C. 
However, any differences in germination of treated and unireated seed 
observed between different soil temperatures were not statistically signi¬ 
ficant. 
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Table 5.—-Percentage germination in treated and non-treated, 

FRACTURED FLAX SEED PLANTED IN 
FOUR DIFFERENT SOILS 


Soil type 

Seed treatment 

'Frealed 

Control 

Brown, sandy loam 

92.1 

56.7 

Grey-wooded loam 

91 6 

50.9 

High-limc black loam 

94.7 

44.0 

Black clay loam 

93.8 

39.0 

Necessary difference (5% level) 

3.24 

3.24 


Table 6.—Percentage germination in fractured flax seed 
SOWN IN BLACK, CLAY-LOAM SOIL HELD AT 
5 DIFFERENT TEMPERATURES 


Temperature 

Seed treatment 

Treated 

Control 

lO*^ c. 

94 5 

44 7 

15*^ C. 

95 0 

47 0 

20° C. 

97 5 

49.7 

25° C. 

94.7 

54.7 

30° C. 

96.7 

50.0 

Necessary difference 
(5% level) 

D.N.S.* 

1 

D.N.S. 


• D.N.S. — Differences not significant. 


EFFECT OF THRESHING-INJURY ON SEED GERMINATION AND CROP 
YIELD UNDER FIELD CONDITIONS 

In the majority of the Winnipeg experiments with flax, the percentage 
of seed germinating in the field was approximately the same as it was in 
the greenhouse, or it was somewhat higher. However, while a greenhouse 
test made at Winnipeg indicated fairly well how fractured flax seed would 
germinate under field conditions at Winnipeg, it did not necessarily indicate 
how the fractured seed would germinate under field conditions elsewhere. 
To determine^^^hat information regarding this point could be expected 
from a greenhouse test, 8 lots of Redwing flax, each containing a different 
percentage of fractured kernels, were planted in 1942 in the greenhouse at 
Winnipeg and at several experimental stations in Western Canada. The 
results from these trials are summarized in Table 7. They show that, at 
Winnipeg, as at most of the other stations, severely fractured flax seed 
germinated somewhat better in the field than it did in the greenhouse. 
The germination results were based on a comparison of the germination of 
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untreated, fractured seed with that of treated, uninjured seed, the latter 
being sown in plots in another part of the same experiment. The yield 
results were obtained in the same way, the yield of the plots sown with 
untreated, fractured seed being taken as a percentage of the yield of other 
plots sown with treated, uninjured seed. 

The yield data from the field experiments just discussed were relatively 
inconclusive. Earlier (3), it was observed that moderate and severe 
fracturing of the seed definitely reduced the yield. In the present experi¬ 
ments, however, threshing-injury to the seed reduced the yield at some 
stations but not at others. An inspection of the plots at Winnipeg, Morden, 
and Brandon revealed that, in plots where there were thin stands of 
seedlings, the individual plants branched very freely. The result was that 
the yield from such plots was almost as huge as the yield from plots with 
much denser stands of seedlings. Evidently, in plots with thin stands, the 
loss of seedlings resulting from seed fracturing was almost compensated for 
by increased branching of the surviving plants. It is not known how often 
such conditions occur in Western Canada, but it n!ay be that crop losses 
from threshing-injury to the seed are generally less severe than indicated 
by earlier experiments (3). 

Table 7.—Germination of untreated, fractured flax si:ed in non-sterile soil in a 

GREENHOUSE IN RELATION TO ITS GERMINATION UNDER FIELD 
CONDITIONS AND TO THE SUBSEQUENT YIELD 


Perconta‘.;L* of frcuTiired kernels in seed 


Effect of kernel fracturing 

2 

98 

8 

88 

16 

20 

26 

33 

39 

51 

Germination 

in greenhouse, % 

89 

81 

71 

65 

60 

48 


Station 










Winnipeg 

94 

96 

87 

88 

82 

82 

85 

65 


Morden 

83 

81 

77 

82 

67 

60 

54 

49 


Brandon 

84 

82 

89 

84 

73 

79 

75 

55 

Germination in 

Indian Hoad 

100 

100 

100 

100 

100 

100 

97 

83 

field plots, %* 

Mel fort 

81 

80 

92 

84 

80 

81 

68 

63 


Swift Current 

100 

100 

100 

100 

84 

81 

67 

47 


.Scott 

■— 

— 

— 

— 

— 


— 

— 


Lethbridge 

98 

93 

91 

94 

79 

77 

76 

54 


Lacombe 

93 

88 

88 

79 

78 

75 

77 

63 


Beaverlodge 

89 

91 

81 

75 

71 

77 

72 

56 


Mean of stations 

91 

90 

89 

87 

79 

79 

74 

59 


Winnipeg 

100 

98 

99 

100 

98 

96 

96 

93 


Morden 

00 

93 

100 

98 

95 

93 1 

93 

87 


Brandon 

07 

99 

99 

100 

96 

95 

95 

97 

Yield in field 

Indian Head 

luo 

76 

96 

100 

100 

100 I 

100 

82 

' plots, %* 

Melfort 

100 

96 

100 

100 

100 

96 I 

93 

90 


Swift Current 

89 

100 

100 

100 1 

92 

100 ! 

90 

^9 


Scott 

91 

81 

99 

77 

86 

100 

77 

71 


Lethbridge 

84 

87 

86 

88 

89 

79 

87 

85 


Lacombe 

100 

100 

100 

100 

100 

100 

100 

100 


Beaverlodge 

92 

100 

98 

97 

100 

81 

94 

89 


Mean of stations 

94 

94 

97 

96 

95 

94 

1 92 

85 


• Germination of untreated, fractured flax seed in field plots and the subsequent yield expressed as a 
percentage of the average germination and yield in 6 plots in another part ot each experiment but sown with 
treated, uninjured seed. 
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RESULTS FROM TREATMENT OF FRACTURED FLAX SEED 

Comparison of Seed Disinfectants 

Limitation of space in the greenhouse prevented a comparison of 
many seed disinfectants simultaneously on a large scale. On this account, 
a greenhouse test usually consisted of duplicate plantings made at different 
times. In the field, where more space was available, each treatment was 
replicated at least six times. 


Table 8.—Effect of different dosages of various seed disinfectants on the 

PERCENTAGE GERMINATION OF FRACTURED FLAX SEED UNDER GREENHOUSE AND 
FIELD CONDITIONS AND ON THE SUBSEQUENT YIELD IN FIELD PLOTS 


Seed disinfectant 

Dosn ge 
(o/.. per 
bu.) 

Uermi 

Greenhouse t 

lation, % 

Ficldt 

— 

Yield t, gm. 

1041 

1942 

1943 

1941 ■ 

1942 

1943 

1941 

1942 

1943 

Control 

0,0 

56.6 

45.0 

43.0 

167.5 

262.1 

249.0 

111.4 

218.0 

91.2 

N.I. Ceresan* 

0.5 

69.2 

59.5 

75.5 

186.1 

293.8 

368.2 

116.5 

210.9 

132.0 

N.I. Ceresan* 

l.O 

— 

84.5 

93.5 


367.0 

372.5 


202.2 

112.7 

N.I. Ceresan* 

1.5 

«8.9 

88.5 

93.5 

203.1 

394.8 

404.5 

111.7 

205.9 

150.7 

N.I. Ceresan* 

2.0 


91.0 

91.5 


306.8 

397.7 

_ 

209.5 

129.7 

Half-ounce Leytosan 

0.5 

58.7 

47.0 

59.5 

183.1 

263.5 

299.0 

114.7 

210.7 

116.7 

Half-ounce Leytosan 

1.0 


50.5 

73.0 

— 

278.3 

345.0 


196.1 

126.7 

Half-ounce Leytosan 

1.5 

76 4 

76.5 

75.0 

202.1 

306.8 

345.7 

125.0 

208.1 

108.5 

Half-ounce Leytosan 

2.0 

— 

75.0 

89.0 


319.0 

355.0 

— 

196.6 

135.5 

Leytosan 

1.0 

64.0 

— 

— 

174.0 


... 

113.1 

— 

— 

Leytosan 

4.0 

77.5 



197.0 

— 

— 

113.3 


— 

Lunusan 

0.5 

52,0 

— 

— 

178.4 

- 

— 

113.8 

— 

__ 

Nomersan 

7.0 

64.5 

— 


185.9 

— 

— 

112.4 


— 

Spergon 

1.0 

— 

48.0 

58.0 

— 

278.6 

281.0 

— 

218.8 

110.2 

Spergon 

2.0 


41.0 

61.5 


271.5 

309.2 

__ 

205.0 

110.7 

Spergon 

.3.0 

— 

58.5 

68.5 


294.8 

313.2 


190.7 

106.0 

U.S.R. 601 tt 

1.0 


46.0 

48.0 

- 

224.0 

250.7 

— 

195.0 

113.2 

U.S.R. 601 

2.0 

— 

39.5 

48,0 

... 

206.6 

220.5 

— 

203.2 

104.0 

U.S.R. 601 

3.0 


38.5 

49.5 


259.6 

234.0 


190.2 

103.5 

U.S.R. 604 

1 .0 


73.0 

68.5 

— 

266.1 

371.7 


190.5 

117.7 

U.S.R. 604 

2.0 

-- 

83.0 

85.0 

— 

247.5 

361.7 


201.0 

131.5 

U.S.R. 604 

3.0 

— 

82.0 

85.0 i 

— 

245.6 

356.0 

— 

195.9 

114.0 

Thiosan 

0.5 

— 

4.5.5 

— 

— 

203.8 

— 

— 

195.5 

__ 

Thiosan 

t.O 


47.5 

80.0 


255.1 

352.2 


203.3 

114.7 

I'hiosan 

1.5 

— 

57,0 

— ' 

1 

264.8 

— 1 

— 

207.9 

__ 

Thiosan 

2.0 

— 

65.0 

87.0 

— 

279.0 

341.5 

— 

209.2 

118.0 

Thiovsan 

3.0 

— 

— 

89.0 



280.7 

— 

— 

91.2 

Arasan 

l.O - 


— 

90 

in 

— 


364.7 

1 

— 

133.2 

Arasan 

2.0 

— 

— 

91 .0 

— 

__ 

402.2 


— 

121.0 

Arasan i 

3.0 


— 

91.5 

_ 

~ 1 

377.7 

- -w 


119.2 

Necessary difference {5% level) 

- 

1 

— 

16.7 

47.6 

43.7 

D.N.S.§ 

7.6 

4.7 


* New Improved Ceresaj^ 
t Percentage germinHti<®(means of 2 replicates). 
t Count of mature plants and yield in 10' 0" row. 
§ D.N.S. ■» Differences not significant, 
ft United States Rubber Co. 


The results obtained from a comparivson of different seed disinfectants, 
in respect to their effect on germination of fractured flax seed and the 
subsequent yield, are summarized in Table 8. These results indicate that 
New Improved Ceresan, Half-ounce Leytosan, Leytosan, U.S.R. 604, 
Thiosan, and Arasan satisfactorily prevented the rotting of fractured flax 
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seed in non-sterile soil in the greenhouse. Nomersan, Spergon, and U.S.R. 
601 were less effective. Under the field conditions prevailing at Winnipeg 
in 1941, New Improved Ceresan, Half-ounce Leytosan, and Leytosan 
significantly increased the stand of plants but they failed to increase the 
yield. In 1942, New Improved Ceresan and Half-ounce Leytosan again 
significantly increased the stand of plants but failed to increase the yield, 
and in that year the plots sowp with untreated seed yielded more than did 
the plots sown with seed treated with most of the disinfectants tried. In 
1943, the stand of plants was significantly improved when the seed was 
treated with New Improved Ceresan, Half-ounce Leytosan, Spergon, 
U.S.R. 604, Thiosan, and Arasan; and the increases in density of stand 
were followed by increases in yield. Tl\e results from these experiments 
indicated that the two mercury-containing seed disinfectants. New Im¬ 
proved Oresan and Half-ounce Leytosan, gave the best results when used 
at the rates of I 2 oz. and 2 oz., respectively, per bushel of seed. 

In addition to the experiments that were made at Winnipeg, field 
experiments with treated and untreated, fractured and sound flax seed 
were made at nine other stations in 1942 and at eight other stations in 
1943. In each year. New Improved Ceresan was applied to the seed at 


Tajjljc 9.—-KFFrxT of treating sound and fracturI'D flax seed with new improved 
CERESAN (1.5 OZ. PER BU.) ON NUMBER OF PLANTS IN A 
10 FT. ROW, AND ON THE RESULTING YIICLD 


Year 


1942 


1943 



Number of plants 


Yield (gm.) 







Ncccs- 





Ncccs- 

Station 

Sound seed 

Injured seed 

sary 

differ- 

Sound seed 

Injured seed 

sary 

differ- 
























Treated 

('on- 

trol 

Treated 

Con¬ 

trol 

(5% 

level; 

Treated 

Con¬ 

trol 

Treated 

Con¬ 

trol 

C5% 

level) 

Winnipeg 

332 

312 

235 

216 

44.5 

157 

159 

154 

147 

D.N.S. 

Moidcn 

393 

330 

257 

194 

78.8 

123 

112 

111 

108 

D.N.S. 

Brandon 

379 

319 

285 

208 

D.N.S. * 

143 

139 

144 

138 

D.N.S. 

Indian Head 

437 

468 

399 

361 

D.N.S. 

166 

169 

146 

136 

24.6 

Melfort 

350 

285 

313 

220 

D.N.S.* 

119 

119 

116 

108 

D.N S. 

Swift ('iirrent 

64 

81 

79 

30 

22.4 

81 

72 

88 

48 

D.N.S. 

Scott 

— 

— 


— 

— 

107 

98 

95 

77 

D.N.S. 

Lethbridge 

349 

344 

302 

188 

D.N.S. 

203 

171 

163 

173 

D.N.S. 

Lacombe 

412 

386 

291 

261 

D.N.S. 

178 

179 

175 

191 

D.N.S. 

Beaverlodge 

434 

385 

287 

242 

D.N.S. 

266 

246 

260 

236 

D.N.S. 

Mean 

350 

323 

272 

213 


154 

146 

145 

136 


Winnipeg 

352 

384 

274 

114 

33.0 

103 

110 

100 

86 

13.2 

Morden 

291 

322 

212 

165 

31.4 

90 

08 

85 

91 

D.N.S. 

Brandon 

393 

420 

318 

283 

41.7 

120 

120 

118 

118 

D.N.S. 

Indian Head 

442 

433 

399 

348 

25.1 

105 

105 

97 

101 

D.N.S. 

Melfort 

418 

387 

364 

288 

D.N.S. 

87 

90 

84 

81 

D.N.S. 

Swift Current 

267 

262 

218 

125 

32.5 

52 

53 

49 

40 

D.N.S. 

Scott 

288 

274 

265 

225 

D.N.S. 

76 

79 

90 

77 

D.N.S. 

Lethbridge 

411 

402 

353 

306 

D.N.S. 

154 

143 

146 

140 

D.N.S. 

Beaverlodge 

343 

328 

246 

156 

27.6 

100 

102 

88 

73 

8.8 

Mean 

356 

356 

294 

223 


98 

100 

95 

89 

j 


• D.N.S. «■ Differences not significant. 
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the rate of oz. to a bushel. It was found (Table 9) that, notwithstanding 
a considerable variability between stations and between plots at a station, 
there was a general tendency for this treatment to increase the stand of 
plots sown with fractured seed. In several of the trials, however, the 
increases were too small to be statistically significant. In all the trials, 
there was little or no increase in density of stand when the treatment was 
applied to uninjured seed. The experimental results regarding yields 
(Table 9) were even less conclusive. The plots sown with treated, fractured 
seed tended to yield more than those sown with untreated, but in most of 
the trials the difference was not statistically significant. In 1/100-acre 
plots (Table 10) treatment of flax .seed with New Improved Ceresan 
increased, in 1941, the stand of plants and the yield in proportion to the 
degree of seed injury, but the increase was less at Winnipeg than at Morden. 
In 1942, however, when a similar experiment, but with other lots of seed, 
was carried on at Winnipeg, Morden, and Brandon, seed treatment neither 
increased the stand nor increased the yield. 

Effect of Excessive Dosages of Seed Disinfectants 

Preliminary experiments carried on in the greenhouse during 1941 
showed that when an excess of New Improved Ceresan (all the dust the 
seed could retain) was added to the seed, germination of the seed was 
retarded, the seedlings frequently possessed enlarged cotyledonary leaves, 
and, in some seedlings, no other leaves were formed. When Half-ounce 
Leytosan was applied to the seed in excess, germination was not retarded, 
but the seedlings became somewhat chlorotic and the rate of growth in the 
post-seedling stage was reduced. It was subsequently found that the 
degree of chlorosis was proportional to the dosage of dust applied to the 
seed. Spergon, in excess, did not retard germination of the seed, but 
after the seedlings had formed a few leaves a peculiar cup-like structure 
developed at the apex of each plant. This malformation resulted appar¬ 
ently from a fusion of several embryonic leaves. It had no adverse effect 
on the plant, as the stem continued its growth through the cup. This post¬ 
seedling effect of Spergon has recently been described by Forsyth and 
Schuster (1). 


Talbe 10. —Effect of treating lots of flax seed, containing different percentages 
OF fractured kernels, with new improved ceresan (1.5 oz. PER BU.) on 
the stand OF plants and the yield in 1/100 acre field PLOTS 


Year 

Station 

In<;rease in germination over 
untreated controls, % 

Increase in yield over 
untreated controls, % 

Lot 1 

Lot 2 

I>ot 3 

Lot 4 

Lot 1 

Lot 2 

Lot 3 

Lot 4 


Laboratory 

41.0 

91.0 

174 0 






1941* 

Winnipeg 


33.0 

38.9 

— 

0.0 

6.0 

12.5 

— 


Morden 

^8.0 

85.0 

92.2 

— 

20.0 

33.5 

45.5 

— 


Laboratory 

0.0 

4.6 

62.5 

104.4 

_ 

— 

— 

— 


Winnipeg 

29.5 

‘7.4 

18.6 

1.5 

0.0 

10.5 

14.4 

14.8 

1942 

Morden 

55.8 

0.0 

97.2 

0.0 

2.0 

4.0 

2.6 

0.0 


Brandon 

13.8 

13.8 

5.4 

9.2 

2.9 

2.5 1 

0.0 

0.0 


* The seed used in 1941 was different from that used in 1942, 
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The effect of excess dosages of different seed disinfectants on germina¬ 
tion and yield of flax under field conditions was studied in 1941 and 1942. 
New Improved Ceresan delayed seed germination and seedling growth, but 
seed treatment with Half-ounce Leytosan had no visible advense effect. 
Seedlings arising from seed treated with Spergon developed apical cups, the 
stem internodes were lengthened, the branches developed a somewhat 
prostate habit of growth, and blossoming was retarded by more than a 
week. 

The experimental results given in Table 11 show that when an excess 
of undiluted New Improved d'eresan or Half-ounce Leytosan was applied 
to fractured seed of Redwing flax, the stand of plants in 1941 was less 
dense than when cither dust was first diluted and then applied in excess 
to the seed. With Bison flax, an excess dosage of undiluted Half-ounce 
Leytosan reduced the stand of plants but a similar dosage of New Improved 
Ceresan did not; and, when the dusts were diluted, neither dust caused 
any harm to the seed. None of the dusts just mentioned had any effect 
on the yield. In 1942, when this experiment was repeated but only the 
variety Redwing was used, excess dosages of undiluted or diluted New 
Improved Ceresan and Half-ounce Leytosan, and.undiluted wSpergon, failed 
to affect either the stand or the yield. 


Table 11.—Effect of different dust seed disinfectants, applied to fractured 
FLAX seed in excess *, ON THE NUMBER OF PLANTS. 

IN A PLOT AND THEIR SUBSEQUENT YIELD 





1941 


1942 

Disinfectant 

Dilu- 

tionf 

Redwing 

1 Bison 

Redwing 


No. of 
plants 

Yield, 

gm. 

No. of 
plants 

Yield, 

gm. 

No. of 
plants 

Yield, 

gm. 

Control 


165 

123 

157 

Ill 

286 

181 

New Ini proved Ceresan 

0 

228 

130 ; 

208 

131 

305 

190 

New Improved Ceresan 

1-1 

249 

131 

194 

123 

313 

170 

New I rnproved Ceresan 

1-2 

249 

130 

212 

117 

314 

179 

Half-ounce Leytosan 

0 

206 

120 

139 

97 

306 

180 

Half-ounce Leytosan 

1-1 

245 

136 

209 

128 

309 

184 

Half-ounce Leytosan 

1-2 

247 

139 

214 

126 

295 

180 

Spergon 

0 

— 

— 

— 

— 

302 

184 

Necessary difference, 








(5% level) 


20.6 

D.N.S.t 

20.6 

D.N.S. 

D.N.S. 

D.N.S. 


• Excess = maximum amount retained by seed, 
t Dilution 1-1 “ equal volumes of disinfectant and talc; 

1-2 «• 1 volume dust with 2 v<ilumes of talc. 

J D.N.S. =» difference not significant. 


Effect of Storage on Ideated Flax Seed 

The results of seed treatment experiments given earlier (Table 8), indic¬ 
ated that the optimum dosage for flax seed was \\ oz. per bushel with New 
Improved Ceresan and 2 oz. per bushel with Half-ounce Leytosan. These 
dosages were considerably larger than the dosages generally recommended 
by the manufacturer of the two respective dusts and it seemed advisable, 
therefore, to study the effect of storage on flax seed given these larger 
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dosages. In a preliminary experiment, sound seed of Redwing and Bison 
flax was treated with New Improved Ceresan and Half-ounce Leytosan at 
oz. and 2 oz. per bushel, respectively. Each lot of treated seed, as well 
as one untreated lot of each variety, was then divided into three portions, 
one of which was put into a glass jar, another into an ordinary grocers 
paper bag, and the third into a woven cotton bag. The jars and bags were 
then closed and all were placed in a dark room at a temperature ranging 
from 50° C. to 70° C. Samples of the stored seed were removed at intervals 
and planted, in duplicate, in a bed of non-sterile soil. The results from 
this preliminary experiment are given in Table 12 and they show that 
neither a oz. dosage of New Improved Ceresan nor a 2 oz dosage of 
Half-ounce Leytosan reduced germination of the sound seed, even after it 
was stored for 637 days in a sealed, glass container. Flax seed stored in 
paper or cloth bags appeared to lose some of its germinability, but the loss 
in treated seed could not be attributed to an overdose of either disinfectant. 


Table 12. —Effect of different kinds and lengths of storage on the percentage 

GERMINATION IN SOUND FLAX SEED TREATED WITH NEW 
improved ceresan OR WITH IIALF-OUNCl': LEYTOSAN 


Fungicide* 


Kind of 


Duration of storaj^e (days) 


Variet y 








j Storaj;e* 

0 

21 ; 

49 

96 

300 

379 

637 


Redwinj>; 

A 

92 

92 

96 

95 

94 

88 

97 


B 

92 

95 

90 

89 

85 

87 

86 

1 

None 


C 

92 

97 

93 

94 

95 

87 

86 


A 

85 

89 

88 

87 

87 

87 

89 


Bison 

B 

88 

82 

84 

81 

79 

88 

82 



C 

88 

86 

90 

85 

81 

86 

81 



A 

93 

97 

91 

94 

89 

95 

91 


Retiwing 

B 

97 

91 

95 

91 

93 

90 

89 

New Improved 
Ceresan t 

C 

94 

87 

96 

98 

'_ 1 

87 

91 

85 











A i 

87 

92 

85 

i 90 i 

90 

89 

92 


Bison 

B 

92 j 

92 1 

94 

83 i 

85 

88 

81 



C 

89 

86 

87 

89 

96 

90 

91 



A 

93 

92 ; 

98 

93 

91 

91 

93 


Redwing 

B 

90 

91 

94 

93 

87 1 

83 

86 

Half-ounce 
Leytosan t 

C 

98 

98 

94 

97 

95 

96 

94 











. 

A 

88 

81 

86 

88 

86 

84 

90 


Bison 

B 

92 

89 

89 

93 

88 

88 

90 • 



C 

92 

89 

92 

89 

88 

88 

78 


• Storage A » sealed glass jar; B «* paper bag; C = cloth bag. 
t Applied at the rate of 1.5 oz. dust to a bu. 
t Applied at tlie rate^f 2.0 oz. dust to a bu. 


In the spring of 1942, different seed disinfectants were applied to 
fractured seed of Bison flax and the several lots of treated seed, as well as 
one untreated lot, were put into glass jars which were sealed and placed in 
dark storage at room temperature. In the spring of 1943, these lots of 
stored seed were planted in the field, along with other lots of the same seed 
but treated shortly before sowing. The results from this experiment are 
given in Table 13. They show that when fractured seed was treated with 
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New Improved Ceresan, Half-ounce Leytosan, or Spergon, and then 
stored, some injury to the seed from the disinfectant resulted. The injury, 
however, was not severe enough to cause an appreciable reduction in yield. 
When flax seed was treated with U.S.R. 601, U.S.R. 604, and Thiosan, 
storage cause no injury whatever. 

In 1942, a number of different lots of Redwing flax, each containing a 
different percentage of fractured kernels, were left untreated or were treated 
with New Improved Ceresan at the rate of oz. per bushel. Each of 
these lots was then divided into a number of sub-lots which were placed in 
paper coin-envelopes. A set of treated and untreated sub-lots was sent 
to each of several experimental stations in Western Canada for planting. 
A survey of the data from these plantings showed (Figure 4) that in both 
the treated and the untreated seed the percentage of kernels germinating 
decreased as the percentage of them that were fractured increased. With 
treated seed, however, the percentage of kernels germinating was somewhat 
higher than with untreated seeds. 


Table 13.—Effect of storage on fractured Bison flax seed treated with various 

DISINFECTANTS AND KEPT FOR ONE YEAR IN SEALED 
GLASS JARS AT ROOM TEMPERATURE 


Fungicide 

Dosage 
(oz. per 

No. of plants in 

10 ft. row 

Yield, gm. 


bu.) 

Seed A* 

.Seed Bf 

Seed A* 

Seed Bt 

Control 

0.0 

141 

138 

140 

136 

New Improved Ceresan 

0.5 

229 

201 

155 

145 

New Improved Ceresan 

1.0 

224 

289 

152 

152 

New Improved Ceresan 

1 .5 

276 

317 

166 

156 

New Improved Ceresan 

2.0 

260 

329 

155 

157 

Half-ounce Leytosan 

0.5 

224 

197 

152 

144 

Half-ounce Levtosan 

1 .0 

169 

189 

149 

143 

Half-ounce Leytosan 

1.5 

215 

247 

158 1 

159 

Half-ounce Levtosan 

2.0 

238 

227 

144 

147 

Spergon 

1 .0 

126 

131 

128 

133 

Spergon 

2.0 

155 

174 

131 

146 

Spergon 

3.0 

163 

216 

130 

138 

U.S.R. 6or* 

1.0 

123 

121 

132 

143 

U.S.R. 601** 

2.0 

107 

95 

126 

122 

U.S.R. 601** ; 

3.0 

92 

114 

128 

122 

U.S.R. 604** ! 

1.0 

146 

164 1 

145 

137 

U.S.R. 604** 

2.0 

188 

199 

152 

138 

U.S.R. 604** 

3.0 

187 

158 

145 

131 

Thiosan 

0 5 

139 

146 

141 

124 

Thiosan 

1.0 

187 

178 

149 

149 

Thiosan 

1.5 

210 

212 

152 

LSI 

Thiosan 

2.0 

____. _ i 

221 

199 

142 

147 

Necessar^^ difference (5% level)ft 

55 

.4 

19 

1 

Mean 


182 1 

192 

144 1 

1 141 

Necessary difference (5% level) 

D.N.S.t 

D.N.S. 


• Seed treated in 1942 and sown in 1943. 
t Seed treated in 1943 and sown in 1943, 
•* United States Rubber Co. 
tt Applicable to any above pair of values. 
i D.N.S. — Difference not significant. 
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The above situation is difficult to explain. In a greenhouse test made 
before the seed was sent out, all the lots of treated seed germinated alike, 
differences in severity of seed-fracturing notwithstanding. It was thought, 
at first, that the protectant on the seed had deteriorated to some extent. 
This belief arose as the result of observations on the behaviour of treated 
Laxton’s Progress peas that had been kept in storage for some time. These 
peas, injured by threshing, had been treated at the rate of 1J oz. per bushel 
with New Improved Ceresan and were then stored in sealed glass jars or 
cloth bags for a period of ten months. At the end of this interval, the 
treated peas stored in sealed glass jars germinated 99% in non-sterile soil 
while those in cloth bags germinated only 15%. When, however, the latter 
lot of peas was treated again with New Improved Ceresan at the original 
rate, the percentage germination rose to 92%. The same result was 
obtained in each of several subsequent trials, and it suggested that New 
Improved Ceresan gradually lost its value as a seed protectant when 
exposed to air. 

Later experiments with treated fractured flax seed failed to support 
the findings with peas. When treated and untreated flax seed was stored 
in sealed glass jars or in paper envelopes, and then after different intervals 
of time, some of the seed was removed and planted in non-sterile soil without 
additional treatment or after treatment (in some seed lots the second 
treatment) with New Improved Ceresan at the original rate, it was found 
(Table 14) that fractured flax seed suffered chemical injury after prolonged 
storage, but that there was no apparent decrease in the protection afforded 
by New Improved Ceresan to the seed. 


Table 14.—Effect of different intervals of storage in sealed glass jars and 
PAPER coin envelopes ON THE PERCENTAGE GERMINATION OF 
TREATED AND UNTREATED FRACTURED FLAX SEED 


Method of 

Original treatment* 

Additional 

Storage interval (days) 

storage 

treatment! 

0 

12 

25 

51 

98 

342 


None 

None 

27.0 

31.0 

35.3 

37.0 

43.6 

65.3 

Sealed jar 

None 

New Imp. Ceresan 

95.0 

90.0 

88.6 

89.3 

95.2 

94.6 


New Imp. Ceresan 

None 

91.3 

88.0 

84.3 

79.0 

85.0 

80.0 


New Imp. Ceresan 

New Imp. Ceresan 

91.6 

91.0 

84.6 

74.0 

86.8 

74.6 


None 

None 

30.0 

26.0 

47.0 

32.3 

38.2 

60.6 

Paper 

None 

New Imp. Ceresan 

92.6 

90.0 

88.6 

90.6 

95.2 

92.3 

envelope 

New Imp. Cctesan 

None 

91.6 

88.0 

84.3 

83.0 

82.2 

83.7 


New Imp. Ceresan 

Now Imp. Ceresan 

95.0 

1 82.7 

87.0 

84.0 

86.9 

81.3 


* Dust applied at the rate of 1.5 oz. of dust to a bushel of seed, 
t Dust applied at the rate used in previous treatment. 


Although th^|above experiments with fractured peas and fractured 
flax seed yielded ^posing results, it would seem that both results help to 
explain the situation (Figure 4) observed when treated flax seed was 
planted at different experimental stations in Western Canada. This 
situation could be the result either of a partial loss of protection afforded 
the seed by a disinfectant or an injury from the disinfectant to fractured 
seed. With a loss of protection, the percentage of kernels rotting in soil 
would increase with an increase in the percentage of fractured kernels; 
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while, with injury from the disinfectant, the percentage of seeds germinat¬ 
ing would decrease with an increase in the percentage of fractured kernels. 
Possibly, both factors may operate simultaneously. 

In passing, it may be worth while drawing attention to the fact that 
fractured flax seed appeared to become decreasingly susceptible to rotting 
in soil when such seed was stored for a period of time previous to planting. 
The experimental results (Table 14) with untreated seed stored in sealed 
glass jars show this tendency. It is suggested that, in fractured living 
kernels of flax, the exposed walls of fissures may, under suitable conditions 
of storage, gradually undergo a healing process through the development 
of cork or callus tissue. If this supposition is correct, soil-borne, seed- 
rotting organisms may be debarred entrance into the tissues of fractured 
kernels. The cotyledons are merely parts of a dormant plant, and possibly 
the development of protective wound tissue, such as occurs in wounded 
dormant tubers of the potato, actually takes place. 

Relation of Rate of Seeding to the Results Obtained 
FROM Seed Treatment 

In Western Canada, flax has been sown at several rates of seeding, 
the rate generally being determined by the variety of flax used or by local 
conditions of soil and climate. These rates of seeding, ranging from 20 to 
40 lb. to the acre, were established before threshing-injury to flax seed 
became recognized as a problem, and were, therefore, based on the results 
obtained locally with untreated seed. In view of the fact that seed treat¬ 
ment tended to increase the percentage germination in fractured flax seed, 
it seemed probable that treated flax .seed would give satisfactory yields at 
rates of seeding lower than those used for untreated seed. To determine 
what these new rates of seeding actually were, several different lots of 
Redwing flax with a different percentage of fractured kernels in each lot 
were sown, treated and untreated, at Winnipeg in 1942 and 194v3 at five 
different rates of seeding. The results of the experiment are given in 
Table 15. They show that the average yield of plots sown with the most 
severely fractured, untreated seed at the lowest rate of seeding, was not 
much below the average yield of plots sown with uninjured, treated seed 
sown at higher rates of seeding. As a matter of fact, seed treatment in 
this experiment could not be said to have increased the yield at all. An 
examination of the experimental data revealed a probable reason for this 
result. It was found that the number of plants, whether from treated or 
untreated seed, in a plpt usually decreased with an increavse in the percentage 
of fractured kernels in the seed. In plots sown with untreated seed, this 
decrease in the number of plants could be attributed to a rottihg of fractured 
seed in soil, but, in the plots sown with treated seed, no rotting would take 
place, and, therefore, the reduction in the number of plants could be attri¬ 
buted only to a phoning of fractured kernels by the fungicide. This toxic 
action of the fun^Wde evidently occurred in the interval (26 days) between 
treatment of the seed and the actual seeding, for, in greenhouse tests with 
freshly-treated seed, the most severely fractured seed germinated better 
than 90%. As a result of this progressive decrease in germination under 
field conditions, the difference in germination between treated and un¬ 
treated seed was not sufficiently large at all the levels of seed fracturing 
studied to result in an observable difference in yield. 
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RECOMMENDATIONS GIVEN TO FARMERS REGARDING THE HANDLING 
OF THRESHING-INJURED SEED 

During the course of this investigation, many samples of flax seed 
were received from farmers who wanted to know whether or not their 
flax seed was satisfactory for seed purposes. With the knowledge that seed 
treatment frequently improved the germination of seed in the vsoil, the 
writers set up a provisional classification based on the assumption that if 
90% of the kernels in a sample germinated when planted in soil a satis¬ 
factory crop would result. Thus, for samples having a percentage germina¬ 
tion of 90% or above, no treatment was deemed necessary. For samples 
which, after treatment, germinated below 90%, the usual rate of seeding 
was adjusted upward (see footnote under Table 10). For samples which 
germinated 90% or more when treated, and in which there was a gain of 
20% or more in seed germination as the result of treatment, treatment of 
the seed with an organic mercury dust was recommended. Samples that, 
when treated, germinated less than 50% were n^garded as unfit for seed 
purposes. 


Table 15.—Relation of different rates of seedino and of different fercentages 
OF FRACTURI-J) kernels in the seed to Tin-: (.ERMINATION and 
YIELD OF TREATED AND LNTREMED SF.ED OF ReDWING FLAX 












Yi( 

■Id 

RaU* of 
seeding 

F ractured 

No. of [)laiits 

per 10 ft. row 


Yield, ^in. 


increase 

from 

treatment, 

(lb. 

kcrnt'l.s, 

% 

1942 

1 1943 

1 1942 

1 194,? 

per 











acre) 

Treat¬ 

ed 

Con¬ 

trol 

Treat¬ 

ed 

Con¬ 

trol 

treat¬ 

ed 

('on- 

trol 

IVeat- 

('d 

Con¬ 

trol 

1942 

1943 

• 

0 

499 

475 

542 

604 

168 

173 

134 

125 

0 

7 


20 

406 

405 

547 

493 

156 

166 

136 

130 

0 

4 

32 

40 

423 

316 

514 

373 

157 

157 

138 

144 

0 

0 


60 

366 

286 

491 

324 

156 

156 

116 

130 

0 

0 


0 

458 

403 

546 

524 

162 

151 

141 

127 

7 

11 


20 

365 

404 

487 

432 

157 

168 

140 

137 

0 

2 

28 

40 

363 

310 

451 

339 

167 

163 

131 

153 

2 

0 


60 

367 

267 

446 

243 

159 

154 

115 

124 

3 

0 


0 

377 

1 337 

512 

462 

148 

149 

145 

135 

0 

7 


20 

408 

313 

461 

398 

168 

154 

134 

145 

16 

0 

24 

40 

326 

271 

458 

297 

166 

161 

147 

144 

3 

2 


60 

275 

243 

380 

234 

148 

148 

136 

127 

0 

7 


0 

326 

345. 

386 

353 

146 

156 

130 

141 

0 

0 


20 

268 

248 

339 

335 

148 

137 

134 

135 

8 

0 

20 

40 

277 

243 

339 

243 

161 

151 

141 

135 

7 

4 


60 

260 

201 

310 

197 

159 

142 

__ 

123 

124 

13 j 

0 


0 

305 

250 

350 

312 

151 

157 

143 

131 

0 1 

9 


20 

258 

217 

337 

217 

138 

148 

1.34 

135 

0 1 

0 

16 

40 

235 

168 

311 

203 

159 

141 

133 

126 

13 

6 


1 60 

198 

182 

280 

148 

148 

136 

no 

113 

9 1 

0 

Necessary differ- 











ence (5% level)* 

64 

.0 

49 

.5 

18 

9 

17 

9 

— 



* Applicable to any above pair of values. 
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In order to test the validity of the provisional classification just 
mentioned, 20 seed samples were taken from among those tested in the 
greenhouse, and, after the recommended adjustments were made, the seed 
was planted in the field at Winnipeg. One of these seed samples required 
no adjustment, 1 required an increase in the rate of seeding, 7 required 
treatment, and 11 required treatment and an increase in the rate of seed¬ 
ing. After the plants were harvested and threshed, the experimental data 
were examined to determine whether or not the original recommendations 
regarding the individual seed samples were justified. It was found (Table 
16) that with all the seed samples used in the field test, except the one 
requiring no adjustment, the number of plants in a plot sown with adjusted 
seed was significantly greater than the number of plants in plots sown with 
unadjusted seed. A significant increase in yield was obtained, however, 
only in three (Nos. 9, 13, 16) of the 19 seed samples requiring adjustment, 
while, in 11 others the increase was not significant and, in the remaining 5 
seed lots, there was no increase. 


Table 16.—Results from field tests with seed samples of flax adjusted in the 
WAY recommended TO THE FARMERS IN ORDER TO COMPENSATE FOR 
KERNEL-FRACTURING OR NATURAL LOW GERMINABILITY OF THE SEED 



Germination 

Recommenda¬ 
tions to farmers 



Field results 



Seed 

sample 

in 

greenhouse 

No, 

. of plants in 

10 ft. row 

Yield (gm.) from 

10 ft. row 

Treat¬ 

ed 

Con¬ 

trol 

Treat 

Increase 
seeding 
rate byt 

Ad¬ 

justed 

Con¬ 

trol 

Increase, 

% 

Ad¬ 

justed 

Con¬ 

trol 

Increase, 

% 

1 

95 

59 

Yes 

% 

0 

297 

184 

61.4 

155 

138 

12.3 

2 

92 

65 

Yes 

0 

319 

249 

28.1 

148 

166 

0.0 

3 

95 

74 

Yes 

0 

353 

276 

27.8 

87 

106 

0.0 

4 

70 

35 

Yes 

43 

321 

120 

167.5 

131 

114 

14.9 

5 

96 

56 

Yes 

0 

405 

224 

80.8 

124 

105 

18.0 

6 

92 

60 

Yes 

0 

284 

206 

37.8 

140 

142 

0.0 

7 

84 

44 

Yes 

19 

332 

152 

118.4 

147 

146 

0.6 

8 

87 

54 

Yes 

15 

401 

228 

75.8 

97 

93 

4.3 

9 

77 

59 

Yes 

30 

356 

131 

171 7 

142 

113 

25.6 

10 

80 

67 

Yes 

25 

402 

165 

143 6 

139 

133 

4.5 

11 

88 

78 

Yes 

13 

367 

173 

112.1 

156 

144 

8.3 

12 

97 

97 

No* 

0 

418 

371 

12.6 

159 

158 

0.6 

13 

71 

57 

^ Yes 

41 

304 

103 

195.1 

150 

126 

19.0 

14 1 

84 

' 68 

Yes 

19 

290 

95 

205.2 

135 

112 

20.5 

15 

86 

65 

Yes 

16 

386 

264 

46.2 i 

89 

84 

5.9 

16 

82 

57 

Yes 

22 

366 

94 

289 3 

146 

113 

29.2 

17 

79 

72 

No 

39 

345 

224 

54.0 

92 

94 

0.0 

18 

70 

57 

Yes 

43 

386 

125 

208.8 

106 

87 

21.8 

19 

94 

73 

Yes 

0 

383 

238 

60.9 

82 

90 

0.0 

20 

99 


Yes 

0 

388 

298 

30.2 

149 

152 

0.0 

Necessary difference (5% level)! 

48.7 

— 

24.0 

— 


* This undamaged seed sample was treated even though it was sound, to provide a comparison with 
damaged seed lots. 

. r> f 1 - % kernels not germinating ^ 

t Percentage increase in rate of seeding « -;- - - X HX). 

% kernels germinating 

t Applicable to any above pair of values. 
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It is evident from the results of the above test that the provisional 
classification of flax seed samples was not set up on a practical basis. It 
appears, as other experimental results in this paper have indicated, that in 
Western Canada, flax seed of relatively low germinability may produce as 
high a yield as can seed of high germinability sown at the same rate. On 
this account, the provisional classification of seed samples probably should 
have been set up on the assumption that flax seed, germinating 75 or 70%, 
or less, can produce a satisfactory crop, providing that the rate of seeding 
remains at the present level. It is unreasonable to recommend to farmers 
that they treat their flax vseed or increase the rate of seeding when the gain 
in density of stand is not sufficiently large to be followed by a gain in yield. 

DISCUSSION 

From the evidence given in this paper, it would appear that threshing- 
injury to flax seed is widespread in Western Canada and that, unless the 
seed is properly treated, lowered germination results. Other evidence 
indicates, however, that usually such lowered germination is seldom followed 
by reduced yields. Any one of two or more factors seems to be responsible 
for this situation. The prime factor vseems to be the ability of flax plants in 
thin stands to branch freely. Thus, in a thin stand of plants, the produc¬ 
tion of seed bolls may be as great per unit area as in a denser stand where 
the individual plants, on account of competition for nutrients, branch less 
freely. In consequence, when two plots of flax differ in density of stand, 
because one was sowm with vsound seed and the other was sown with seed 
damaged by threshing, by an injurious fungicide, or by other factors reduc¬ 
ing the percentage of kernels germinating, the difference in stand is not 
necessarily accompanied by a difference in yield. A secondary factor seems 
to be the tendency for farmers to sow flax at a rate high enough to offset 
low germination of the seed. On this account, when good seed or seed 
that has been improved by seed treatment is sown at the rate used ordin¬ 
arily, more plants than can be adequately nourished arc produced. Owing 
to severe competition, the plants yield individually less than they would 
if they were more widely spaced, and, therefore, the yield is not likely to 
be any greater than that from poorer and untreated seed sown at the same 
rate. 

During the course of greenhouse and field experiments with flax seed 
treated with Spergon or Half-ounce Leytosan, it was observed that these 
materials, when applied in large dosages, affected flax seedlings in a way 
different from that when the seed was treated with a heavy dosage of New 
Improved Ceresan. With the latter material, germination of the seed 
was retarded and frequently the seedlings failed to develop other than 
cotyledonary leaves; but with Half-ounce Leytosan and Spergon, the 
effect of the treatment became visible only after the flax seedlings had 
developed several leaves, that is, at the post-seedling stage. Half-ounce 
Leytosan caused some chlorosis in the leaves and stems, while Spergon 
caused “freak’^ plant structures and a change in the habit of growth. It 
has been commonly believed that when a disinfectant is applied to seed 
the effect of the disinfectant is directly on the seed. The above observa¬ 
tions regarding Half-ounce Leytosan and Spergon show that the influence 
of disinfectants applied to seed may be carried on to the seedlings. While, 
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with the two seed disinfectants just mentioned, treatment of the seed has 
an adverse effect on the resulting seedlings, it is possible that treatment 
of the seed with other materials may have an effect beneficial to the result¬ 
ing plants. These plants, besides being improved in health, may acquire 
some characteristic increasing their productivity. It would seem that 
the post-vSeedling effect of seed disinfectants and other chemicals would be. 
a subject of fruitful study. 

Throughout this investigation, it was found difficult to account for 
marked variations in yield of flax from replicate plots, especially when 
these happened to be adjacent to each other. The experiments were 
ordinarily placed on apparently uniform blocks of land, but some unknown 
influence caused large differences in yield. Such variations in yield resulted 
in a large experimental error that frequently made differences between 
plots statistically insignificant. It is pOvSsible that increased replication or 
the use of another experimental design would have improved the situation. 

In view of the fact that, in the majority of the present experiments, 
flax seed was .sown in rows spaced 12 inches apart, the experimental results 
obtained here may not be applicable under the conditions of seeding on an 
ordinary farm. In actual practice, flax seed is drilled in rows that are 6 
inches apart. Also, in experimental plots, weeds are generally not allowed 
to compete with crop plants while, on an ordinary farm, no attempt is 
made to destroy weeds except before the crop is planted. It is conceivable, 
therefore, that in experimental plots the development of flax plants would 
be much more luxuriant than under ordinary field conditions and that thin 
stands of plants, arising from damaged, untreated seed, would be more 
capable of giving a satisfactory yield. Thus, in experimental plots, a 
difference in the quality of seed may have no effect on the final yield, while, 
on the ordinary farm, where competition from weeds is allowed, flax plants 
in a thin stand may not be permitted to grow as well as they would if the 
field was free from weeds. On the ordinary farm, therefore, low quality 
seed would likely result in lowered yields, and high quality seed (providing 
a denser stand of plants and thereby withstanding competition from weeds) 
would likely result in .satisfactory yields. 

SUMMARY 

In Canada, flax seed is often fractured when threshed during dry 
weather. This injury is much more common in Western Canada than in 
Eastern Canada. In some lots of seed, all the kernels may be fractured. 
The fractures are generally minute and invisible to the uiic^ided eye, and, 
consequently, their presence does not affect the market grade of the seed. 
Large-seeded varieties of flax appear to be more subject than the small- 
seeded varieties tothis type of injury. 

When fracturra flax kernels are planted in ordinary soil, many of them 
rot as a result of invasion by soil-borne micro-organisms. This rotting 
appears to be more frequent in heavy soils than in light soils, but the 
frequency of rotting does not seem to be affected by variation in soil tem¬ 
perature. When injured seed is planted under field conditions, the loss of 
plants from the rotting of fractured kernels is generally less severe than it 
is in the greenhouse. 
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Treatment of fractured kernels with suitable seed disinfectants pre¬ 
vents their decay in non-sterile soil. In heavy soils, New Improved Ceresan 
applied at the rate of 1 ^ oz. per bushel j^^ave the best result. In seed treated 
with New Improved Ceresan, prolonged storage may reduce the germina¬ 
tion of fractured seed, but appears to cause no reduction in the germination 
of non-fractured seed. Treatment of flax seed with heavy dosages of 
Spergon may result in post-seedling damage to the plants. 

While seed treatment generally improved the germination of fractured 
flax seed under experimental plot conditions, the improvement did not 
always result in improved yield. Similarly, when non-fractured seed was 
sown in the field, it germinated better than did fractured seed but the 
resulting yields were often at the same level. 
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FIFTEEN YEARS EXPERIMENTS ON THE GRAY 
WOODED SOILS OF ALBERTA 


By F. a. Wyatt* 


University of Alberta, Edmonton, Alberta 
[Received for publication March 20. 1945] 

Wooded soils constitute one of the world’s great soil groups and are 
found in all provinces of Canada. Practically the entire area east of the 
Great Lakes belongs to the wooded soil group. In the Prairie Provinces, 
the areas in the wooded soil group by far exceed the areas in the prairie 
soil groups. However, a much smaller proportion of the total wooded 
soils will be cropped than will be the percentage of cropped land in the 
prairie groups. 

There are parts of the wooded soil areas in Ontario, Manitoba, Saskat¬ 
chewan, Alberta, British Columbia and also in the North West Territories 
and in the Yukon that will be devoted to crops in the future. Alberta has 
a greater area of such soils than is found in any other province, and ulti¬ 
mately over 50% of all cropped lands in Alberta will belong to this group. 
For detailed descriptions of these soils, reference is made to Bulletin 21 (1), 
Circular 23 (2), and to some of the Soil Survey reports (3, 4). However, 
for convenience of the reader the following brief description might be 
adequate. These soils in Alberta belong to the gray wooded (northern 
podsolic) group and are characterized by the general profile descriptions: 


Thickness of Horizon 
0- 4" 

0~ 4" 

4 - 14" 

6-18" 


6 - 30" 
18 - 60" 


Ao moss to leaf mould; absent where fires have been 
severe. pH varies from 4 to 7 +, usually 5.5 to 6.8. 
Ai mineral soil with varying amounts of organic 
matter; brownish to black platy. pH varies from 
4.5 to 7 usually from 5.5 to 6.7. 

A 2 —average thickness 5 to 9", light gray to grayish 
brown, platy and ashlike. pH varies from 4.5 to 7, 
usually from 5.5 to 6.7. 

Bi—average thickness about 12", light grayish brown 
to brownish (influenced by parent material) but 
usually darker than Ao, pH varies from 5 to 7, usually 
5 .5 to 6.8, granular to nutty. 

B 2 —average about 18", sometimes lighter in colour 
than Bi. Structures not so well defined as in Bi. 
pH varies from 5.5 to 7 +. 

Bca—below surface. 


When the virgin soils are first broken they have a very light gray 
appearance due to the exposed A 2 horizon. The furrow slice consists of 
Ao, Ai and largely A 2 horizons. After several years of cultivation these 
horizons become rajtpd and the field then appears light grayish brown to 
light brown in colour. The pH of the cultivated fields (plow depth) varies 
from just over 5 to about 7. There is but little response to the application 
of lime and no difficulty is encountered in securing good stands of clovers 
and alfalfa, provided sulphur is applied when needed. 

» Professor of Soils, 
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Table 1. —Range of pn values for soils from some of the Breton plots, samples collected 1940, 41 and 

Series A and C (Rotation) 
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A better idea of the range in pH values may be obtained by referring 
to the data from the plots from three of the series at Breton and reported 
in Table 1. These samples were collected from the same plots during three 
different years and in some instances at different intervals during the same 
years. The extreme ranges in pH values for the various plots are reported 
in the table. Here it is seen that the soil to the plow depth (0 to 7 inches) 
varies in pH values for the different samples collected. This variation is 
common to all plots and at times amounts to 1.5 pH units. The plow 
depth samples are generally just .slightly add ranging from just under 6 to 
just over 7 with the exception of plots 6 and 7 (limed) where the surface 
samples are at all times alkaline. There is no clear cut indications that 
any of the fertilizers (except lime) has influenced the pH values of the soils 
after 15 years of application (see Table 2 for annual rates). 

7'he gray wooded soils of Alberta are found in the forested area. 
These forests consist chiefly of poplar, spruce, pine, willow, alder and 
tamarack, together with the common shrubs and sparse grasses. The 
rainfall over the greater part of the area varies from about 15 to 20 inches. 
However, the extreme northern part of the zone receives somewhat less 
rainfall, but even here there is generally a well developed soil profile in its 
upper horizons. 

Any great expansion in the acreage of cropped land must of necessity 
take place on the wooded soils. Some of the problems involved in the 
future use of these wooded soils are: 

(a) With proper management of these wooded soils, are they capable 
of producing satisfactory yields? 

(b) What crops can and must they produce in order to maintain a 
satisfactory level of yields? 

(c) How would extensive development of these soils affect the economy 
of Canadian agriculture? 

(d) How would such development affect the health and wealth of the 
farming population? 

(e) What would be the effect on land values? 

The first two of the above questions can be definitely answered in the 
affirmative from our. experiments on the wooded soils. The results from 
numerous co-operative experiments with individual farmers together with 
the results secured from the Breton Experimental plots ciuring the past 
fifteen years show that, with proper management, it is possible to produce 
from 35 to 40 bushels of wheat, as the first crop after clover, from 60 to 80 
bushels of oats qA^the second crop after clover, and from 25 to 35 bushels 
of barley as therhird crop after clover. The clovers and alfalfa after 
being nursed with barley, yielded from 2| to 3 tons per acre on the best 
plots. The above yields were secured when adequate rotations and 
management were followed and were from 2 to 4 times the natural initial 
production from the soil without rotations and without fertilizers. Such 
yields as those secured above compare favourably with yields from the 
most productive .sections of the black soil areas. 
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For purposes of reference, it might be well to show the cropping 
practices, the arrangement of plots, the kinds and amounts of fertilizers 
applied, and only the average yields secured from the Breton plots during 
the past five years (1940-44). These data are listed below in Tables 2, 3 
and 4 without showing much of the detail actually involved in the practical 
farming operations. It is sufficient to say that any farmer occupying 
similar soils could carry out all the operations now performed on the Breton 
plots. 

PLAN OF THE BRETON PLOTS 

These plots are located about 70 miles south-west of Edmonton bn 
typical wooded soil. The field contains about 20 acres of which 18 acres 
are in plots and the remainder is devoted to borders and roadways. The 
field was laid out in plots in 1930. Originally there were only 16 plots in 
each series but in 1938 an additional 10 plots were added to each series. 
Plot 12 is used as a roadway, while of the other 25 plots in each .series, 7 are 
used as checks and 18 receive applications of various fertilizers (See Table 
2). During the 15-year period (1930-44), 15 cropis of wheat, 15 of oats, 
22 of barley, 3 of flax, 2 of peas, 46 of clovers and alfalfa have been grown 
in sequence in addition to 12 crops of wheat on Series E (continuous wheat, 
one-half being cropped and the other half fallowed). With the exception 
of flax and peas all other crops have bt?en produced annually and have 
been subjected to the individual seasonal effects of 15 consecutive years. 
Thus the average yields may be considered as fairly reliable. 

The experimental field consists of 6 full series of 25 plots each in addi¬ 
tion to 3 .series with fewer plots. Each full plot is 1/11 acre, being 30 ft. 
wide by 8 rods long. The total number of plots is just under 200. The 
series extend north and south and the plots east and west. The main 
rotation includes 5 series, illustrated as follows: 

Series A—First year clovers (alfalfa and altaswede). 

.Series B—Second year clovers broken (the first cutting of hay is 
removed from the west half but the entire crop is plowed 
down on the ea.st half). 

Series C—Wheat—first crop after clovers. 

Series D—Oats—second crop after clover.^. 

Series F - Barley—third crop after clovers (this crop nurses clovers to 
remain for next two years). 

Series h2 is devoted to the continuous production of wheat, one-half 
being fallowed and the other half cropped each alternate year. Series G 
and H are used for the production of alfalfa and are only broken at intervals 
of 4 or 5 years. On several occasions flax, peas and barley have been 
grown after breaking alfalfa and clovers. 

The crops are harvested and yields obtained from each plot and some 
half plots every year. Most of the crops are analyzed and graded annually. 
Baking tests for the wheat, malting tests for the barley, and oil content 
tests for the flax have also been determined. 

The statement in Table 2 shows the plot arrangement together with 
the kinds and amounts of fertilizers applied annually during the last 5 
years, the same periods for which yields are given in Tables 3 and 4. 
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Table 2.—Fertilizers applied to Breton plot, 1940-44 


Plot 

Fertilizer 

Average annual application, lb. 

Fertilizers 

Elements 

N 

P 

K 

S 

1 

None 






2 

■"Manure 

7 tons -f 

70 

14 

56 

14 

3 

Complete/16-20 amm. phos. 

58 






\K,S04 

33 

9 

5 

13 

15 

4 

Ammonium sulphate 

59 

12 

— 

— 

14 

5 

None 

— 

— 

— 

— 

— 

6 

■"Lime 

325 

— 

— 

— 

— 

7 

r'"Lime 1 

325 






\ Triple super 

62 

— 

10 

— 

2 

8 

Triple super 

62 


10 

— 

2 

9 

/*Manure\Amm. phos. / 

7 tons -f 






\ 16-20 / t 

57 

79 

19 ; 

56 

22 

10 

16-20, amm. phos. 

57 

9 

5 

— 

8 

11 

None 

— 

— 

— 

— 

— 

12 

Roadway, permanent hay 






13 

None 

— 


— 

— 

— 

14 

11-48, amm. phos. 

57 

6 

12 

— 

1 

15 

2-20, super phos. 

92 

2 

8 

— 

8 

16 

0-20, super phos. 

84 

— 

7 

— 

7 

17 

■"Bone, phos. 

None 

257 

10 

25 

— 

.3 

lo 

19 

Amm. nitrate 

56 

19 

_ 

_ 

_ 

20 

r Amm. nitrate 

56 






\ ""Gypsum 

127 

19 

— 

— 

23 

21 

*Gypsum 

127 

1 

— 


23 

22 

None 

— 

— 

— 

— 

— 

23 

Sod. sulphate 

105 

— 

— 

— 

20 

24 

Pot. sulphate 

77 

— 

— 

— 

15 

25 

fPot. sulphate 

83 






\Amm. sulphate 

60 

12 

1 — 

33 

31 

26 

None 

— 

— 

— 

— 

— 


• Most of the fertilizers are applied annually in a separate operation with the fertilizer attachment but 
not when the seed is being sown. However, manure, lime, bone and gypsum are applied at 3 to 5 times the 
above rates, but only at 3 to 5 year intervals. 


During the earlier years the rates of fertilizers application were higher 
than indicated in Table 2, but as an average for the entire 15-year period 
the average annual rates were about 15% higher than for the the last 5-year 
period (1940-44). 

When considering the yields in Table 3, it should be kept in mind 
that for Series E (continuous wheat) two years are required to produce 
each crop and that each crop has actually been fertilized during the fallow 
year and again duri^ the crop year. Thus each plot in Series E receives 
the same amount ofmrtilizer as the corresponding plots in the other (rota¬ 
tion) series, but each half of Series E produces wheat only 50% of the time 
whereas some crop occupies the soil for the entire time in the rotation series. 

We might be justified in dividing the yields shown for Series E by two 
before making direct comparison with the. yields of wheat obtained when 
this crop was produced the first year after clovers. 
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The yields reported in Tables 3 and 4 are from seven series, each con¬ 
taining 25 plots. Eighteen plots in each series receives fertilizers of various 
kinds and amounts (see Table 2). 

In the majority of cases (97%) the fertilizers have given increases in 
yields. Of the 126 fertilized plots only 4 show a minus sign and 3 of these 
are on Series E (continuous wheat). However, a number of the fertilizers 
have not proved to be efficient for these wooded soils and it is doubtful if 
such fertilizers as lime, triple super phosphate, bone, ammonium nitrate, 
will find an immediate general demand. From the standpoint of costs and 
efficiency for all crops, such fertilizers as ammonium sulphate, ammonium 
phosphate (16-20), single super phosphate and manure have given very 
good returns. Ammonium phosphate (16-20) supplemented with either 
potassium sulphate or manure has given the best all round results but the 
farmer cannot produce as much manure as we applied. Some of the other 
sulphur containing fertilizers were good for the legume hays but not so 
effective for the non-legumes. Most of them are fairly cheap but often 
they are difficult to apply. 


Table 3.-*—Average grain yields and increases from the Breton experimental 
PLOTS FOR THE 5-VEAR PERIOD 1940-44, INCLUSIVE 


Plot 

1 

Fertilizer 

Continuous 
wheat after 
fallow 

Ser. E, 5 yr. 

(t) 

Wheat after 
clover 

5 yr. 

( 2 ) 1 
Oats—2n(l 
crop 

4 yr. 

(3) 

Barley—3rd 
crop 

5 yr. 



Yield 

In¬ 

crease* 

Yield 

In¬ 

crease 

Yield 

In¬ 

crease 

Yield 

In¬ 

crease 

1 

None 

17.1 


12.9 


25.8 


13 0 


2 

M 

29.2 

12.7 

32.8 

19.0 

58.0 

30.7 

25.1 

12.6 

3 

16-20 -f K 2 SO 4 

24.5 

8.6 

35.2 

20.5 

77.6 

48.8 

27.0 

15.0 

4 

Anini. sul. 

22.8 

7.5 

36.5 

20.9 

66.5 

36.2 

24.1 

12.6 

5 

None 

14.6 

— 

16.6 

— 

31.8 

— 

11.0 

— 

6 

Lime 

19.0 

3.7 

16.9 

0.0 

36.7 

3.4 

14 5 

2.7 

7 

L-triple 

21.4 

5.3 

27.2 

10.0 

46.3 

11.5 

20.0 

7 3 

8 

Triple 

17.1 

0.3 

25.3 

7.8 

45.4 

9.1 

16.8 

3.3 

9 

M + 16-20 

35.5 

17.9 

41.4 

23.6 

84.9 

47.1 

36.6 

22.2 

10 

16-20 

26.0 

8.6 

32.9 

14.9 

70.0 

30.7 

28.0 

12.8 

11 

None 

19.1 1 

— 

18.3 

— 

40.9 

— 

16.2 

— 

13 

None 

32.9 

— 

25.8 

— 

50.5 

— 

20.7 

— 

14 

11-48 

38.0 

5.3 

32.5 

7.3 

71.8 

21.9 

27.2 

5.1 

15 

2-20 

36.4 

3.9 

38.3 

13.7 

59.3 

10.0 

26,7 

3.2 

16 

0-20 

41.4 

8.8 

40.6 

16.5 

70.3 

21.6 

36.6 

11.7 

17 

Bone 

37.7 

5.6 

30.0 

6.3 

61.3 

13.2 

27.2 

0.8 

18 

None 

31.8 

— 

23.1 

— 

47.6 

_ 

27.8 

— 

19 

Am. nitrate 

36.3 

3.0 

26 4 

1.0 

56.1 

9.6 

27.9 

0.7 

20 

Am. nitrate -f- 
gypsum 

36.0 

1.3 

38.4 

10.7 

68.6 

23.5 

33.9 

7.2 

21 

Gypsum 

33.2 

-3.1 

39.4 

9.3 

51.8 

8.0 

32.5 

6.6 

22 

None 

37.7 

— 

32.5 

— 

42.6 

— 

25.3 

— 

23 

Sod. sul. 

34.9 

-1.9 

40.6 

9.1 

62.0 

18.6 

26.9 

1.5 

24 

Pot. sul. 

33.7 

-2.1 

42.4 

11.8 

56.2 

12.0 

27.2 

1.5 

25 

Pot. sul + 
am. sul. 

37.2 

2.3 

42.8 

13.2 

69.6 

24.5 

31.3 

5.3 

26 

None 

33.9 

— 

28.7 

1 

— 

46.0 


26.1 

i 



Increase calculated by using sliding scale from check yields. 





632 


SCIENTIFIC AGRICULTURE 


[Vol. 25 


The Breton experiments leave many questions that are not answered: 

(a) What is the best way to produce legume seeds? 

(b) What is the best legume to be grown? 

(c) What is the best cereal to be grown? 

(d) What is the best mixture for hay as pasture? 

They do supply the answers to many questions, such as: 

(1) Can satisfactory yields be produced every year? 

(2) Can the weeds be sufficiently controlled so as to almost 
eliminate the fallow practice? 

(3) What fertilizers and what rates are necessary? 

(4) Can high quality crops be produced? 

(5) Does proper management of these soils required the grain 
system or the livestock system of farming? 


Tarle 4.— Average hay yields and increases from the Breton experimental 
PLOTS FOR THE 5-YEAR PERIOD 1940-44, INCLUSIVE 


Plot 

Fertilizer 

Clover, 

Average of 2 StTies, 

5 years 

Alfalfa, 

6 years 

Yields, Ib. 

Increase* 

Yields, Ib. 

Increase 

1 

None 

806 


900 


2 

M 

2192 

1380 

1372 

402 

3 

16-20 -F K 2 O 4 

5761 

4943 

5020 

4070 

4 

Amm. sul. 

5057 

4223 

4915 

3985 

5 

None 

831 


910 

— 

6 

Lime 

1049 

187 

2066 

1147 

7 

Lime -f Triple 

2375 

1482 

2352 

1424 

8 

Triple 

2185 

1361 

2110 

1173 

9 

M -f 16-20 

6328 

5373 

5116 

4170 

10 

16-20 

6111 

5121 

5374 

4419 

11 

None 

1016 

— 

963 

— 

13 

None 

1000 

_ 

104^5 

_ 

14 

11-48 

2675 

1611 

2379 

1132 

15 

2-20 

5649 

4521 

5026 

3577 

16 

0-20 

5362 

4170 

4520 

2869 

17 

Bone 

1914 

658 

2884 

1031 

18 

None 

1321 

— 

2054 

— 

19 

Amm. nitrate 

1551 

-145 

2161 

37 

20 

Amm. nitrate 4* iiViJsuni 

4968 

2897 

5473 

3279 

21 

Gypsum 

4882 

2436 

5451 

3191 

22 

None 

2823 

— 

2331 

— 

23 

Sod. sul. 

4955 

2144 

5123 

2811 

24 

Pot. sul. 

4747 

1748 

5626 

3339 

25 

Pot sul 4 - amm. sul. 

4742 

1955 

5473 

3211 

26 

None ^ 

2775 

— 

2237 

— 


* Increase calculated by using sliding scale from check yields. 


r"rom Tables 3 and 4 the following facts are evident. 

Legumes must constitute a fair proportion of the cropped area of the 
wooded soils (not less than 40 to 50%). This means livestock to provide 
a home market for pasture and hay crops. 
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Where required, proper fertilizers must be applied. These are more 
important for the legumes than for the grains or grasses. 

Annual applications of from 40 to 60 lb. of such fertilizers as ammonium 
sulphate or ammonium phosphate (16-20) or the equivalent of some other 
satisfactory fertilizer such as single super phosphate (2-19) at 60 to 90 lb. 
should be adecjuate. 

The greatest possible use should be made of all farm manure. 

When the above practices are followed it should be possible to produce 
satisfactory yields of all crops common to the district. This is indicated 
by our yields of 2J to 3 tons of hay, 35 to 40 bu. of wheat, 60 to 80 bu. of 
oats, 25 to 35 bu. of barley. 

Weeds can generally be controlled without the use of fallow, provided 
clovers and hay occupy the ground for two or more consc'cutive yc'ars and 
provided annual grain crops do not succeed each other for more than two 
or three consecutive years. For the control of certain of the perennial 
weeds it may be necessary to resort to the fallow. 

The summary shown in Table 5 gives a general idea of the quality 
of wheat produced on the wooded soils. Data are reported for protein 
content, loaf volume, and acre yields from the rotation series and from the 
continuous wheat series prior to 1942. 

The yield data are necessarily different from results shown in 7'able 3 
since a different series of years are averaged. It is .seen that as an average 
of all plots (fertilized and checks) the wheat following clovers has out- 
yielded the continuous wheat by 10.8 bu. 'Phis is the average value of 
clovers as indicated by increased wheat yields. The clovers on the un¬ 
fertilized plots gave only 1.5 bu. increase whereas on some of the fertilized 
plots the increases ranged from approximately 10 to 17.5 bu. 

In some of the co-operative experiments (not reported here) the 
protein content of wheat was as low as 7%. Most of the wheat grown by 
farmers on these wooded soils has protein conte nts varying from 7 to 10% 
and in general it is not grown following clovers. The wheat following 
clovers (Table 5) averages 13.2% protein while that from Series F averaged 
only 10.3%. The cropping priictice (clovers in rotation) has had more 
effect upon the protein content than has the application of fertilizers. 
Wheat of high milling quality was not produced even when grown after 
clovers (average protein 13.2). This is shown by the data for loaf volume. 
The fact that some of the fertilizers increased the loaf volume (especially 
after clovers) does not mean that any of the plots yielded satisfactory 
milling wheat. Wheat, if grown on these soils, should be used as feed for 
livestock and should not be permitted to compete with high quality 
Canadian wheats. 

Hays, oats, barley, flax of satisfactory quality can be produced. 
Grains should be largely fed to livestock on the farms in order to supple¬ 
ment the fodder consumed by livestock thus producing finished livestock 
and at the same time providing the greatest amount of farm manure. 
Barley of excellent malting quality can be produced. Certain of the 
legume seeds can be satisfactorily produced. 



Table 5.—Comparison of protein content, loaf volume and yields between wheat grown after clovers 
AND wheat grown CONTINUOUSLY AT BrETON (PREVIOUS TO 1942) 
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Baking data by Department of Field Crops. 
Baking data by Department of Field Croos. 
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The most urgent immediate problem retarding the development of the 
wooded soils is the cost of clearing and preparing the land for crops (5). 

In order to maintain satisfactory yield levels it is necessary to follow 
mixed farming practices and include a good proportion of legumes. 

Before the farmers on these wooded soils can generally become pros¬ 
perous, adequate markets for livestock and livestock products at satis¬ 
factory price levels will have to be available. 

Any extensive future settlement must, of necessity, be confined to the 
wooded soil area. This fact concerns every province and every citizen of 
Canada and will have a direct influence upon both our domestic and foreign 
markets. Immediate future settlement of some of these wooded soils must 
be considered in the rehabilitation scheme for many of the returned men 
from our armed forces. 
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Horse feeding is encumbered with numerous beliefs and prejudices 
which have in particular circumstances led to economically unsound feeding 
practices. One of the commonest of such beliefs in Eastern Canada holds 
that oats have special virtues; are irreplaceable by other feeds; and that 
rations which do not consist largely of oats are unsatisfactory, if indeed 
not unsafe, for horse feeding. The tenacity with which this trust in oats 
and distrust of other grains or grain by-products is held among practical 
horsemen is perhaps not surprising, when similar views appear to be held 
by those who have access to scientific literature, which without exception 
fails to support the oats superiority belief. 

The Division of Animal Husbandry of the U.wS. Bureau of Animal 
Industry says in Food and Life^ “Many horsemen consider that oats have 
no equal as a horse feed. This may be erroneous, however, as both experi¬ 
mental and practical feeding experience have shown that some other feeds, 
when properly combined may be either equal or superior to oats. . . . 
Most experiments have shown very little difference between the feeding 
values of corn and oats for work stock. . . . Barley is used as the principal 
grain for horses in many parts of the West. . . . Wheat, rye, rice, and 
some leguminous seeds are used as feed for horses under limited conditions.'* 
This excerpt is typical of the statements in recognized tests on horse feed¬ 
ing, and in no case is it the opinion of nutritionists that horse rations need 
contain any oats at all, or, any other specific feedstuff. Indeed it appears 
that the beliefs regarding the indispensability of oats in horse feeding are 
held chiefly in districts in which oats is the common farm grain raised. 

While there is an abundance of evidence to the effect that horses may 
be fed a variety of different grains, the only by-product of grain about 
which there appears to be any extensive knowledge is wheat bran. 

There are, however, three other grain by-products on the Canadian 
feed market, all of which are likely to be cheaper per ton than the coarse 
grains. The spread is especially marked with oats, for this grain in 
commercial feed channels in Eabtcrn Canada is usually somewhat out of 
line in price with respect to its feeding value. These three by-products are 
brewers' dried grains, malt sprouts, and distillers' dried grains. The latter 
is a wheat by-product and the other two come from barley. 

In terms of their “botanical" description, malt sprouts are actually 
the sprouts of barley which has been allowed to start germination. These 
sprouts or rootlets are removed when still very short. They are dried and 

1 Contribution from the Faculty of Agriculture, McGill University, Macdonald College, Que., Canada 
Journal Series No. 203. 

* Professor of Animal Nutrition. 

* U.S.D.A. Yearbook 1939, pp. 763-786. 
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sold as a feedstuff. Brewers* and distillers* dried grains are almost 
analogous products from barley and wheat, respectively, at least in the 
sense that the chief portion of the original grain removed in the process 
leading to their production is starch. Roughly we have then in these two 
feeds, barley or wheat minus most of their original starch filling. 

Chemically and nutritionally there are other differences between the 
entire grain and these two by-products. Several other nutrients which 
are water soluble may have been removed and not returned to the dried 
grains. And the loss of easily soluble nutrients will also mean that the 
nutrients remaining may be correspondingly of lower digestibility for species 
other than herbivora. For horses this latter is probably of minor signi¬ 
ficance. It seems certain that in the case of herbivora the cellulose and 
hemicellulose fractions of these feeds can be as well utilized as in roughage. 
And it is further known that herbivora appear to digest these complex 
carbohydrates about as completely as they do protein or ether extract. 

All three of these by-products, however, are classed as high protein 
feeds. They contain about twice the protein found in the original grains 
due entirely to the fact that a non-protein material has been removed. 
The comparison of these by-products with their original grains and with 
oats is partly indicated in Table 1. 


Table 1.—Partial chemical composition of barley and wheat and their 

BY-PRODUCTS AS COMPARED TO OATS 


Fraction 

Barley 

Brewers* 

dried 

grains 

Malt 

sprouts 

Wheat 

Distillers’ 

dried 

grains 

Oats 

Protein 

12.8 

20.7 

28.1 

12.0 

24.0 

12.5 

Ether extract 

2.3 

7.2 

1.8 

2.0 

6.1 

4.4 

Crude fibre 

5.5 

17.6 

13.3 

2.0 

13.1 

11.2 

Non-fibre carbohydrate 

67.0 

42.5 

43.4 

71.6 

45.0 

60.7 

Calcium 

.07 

.16 

.26 

.05 

— 

.10 

Phosphorous 

.32 

.47 

.68 

.38 

— 

— 


The fact that these by-products carry 20% or more of crude protein 
is very likely one reason they have usually been considered only as supple¬ 
mentary feeds— products to be used to increase the protein content of 
mixtures of cereal grains (as in cattle rations). Such products as the oil- 
meals have normally been appreciably more costly in Canada than low 
protein basal feeds. This has naturally led to the usual recommendations 
to use high protein feeds in minimum amounts consistent with adequate 
protein levels in the final ration. Thus brewers* grains, distillers’ grains 
and malt sprouts, falling into the classification of protein supplements, have 
not been lookedas products to be used primarily for energy. 

There is n^vidence, however, that feeding more protein than bare 
minimum is harmful. Indeed surveys show that training table diets for 
football players often contain 25% protein, and all herbivorous animals 
while at pasture consume diets running up to 30% protein when calculated 
to an air-dry basis. When animals consume a surplus of protein, the extra 
is used for energy in the same way that carbohydrate is, and yields approxi¬ 
mately the same number of calories of metabolizable energy per gram as 
does carbohydrate. 
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With these facts in mind, viz., that both fibre and non-fibre carbo¬ 
hydrates are well digested by herbivorous animals, and that surplus protein 
is an acceptable source of energy, the comparison of the total of the digestible 
nutrients between the feeds of Table 1 is interesting. 


] 

Feed 

Total digestible 
nutrients 

Barley j 

77% 

Brewers’ grains 

68 

Malt sprouts 

71 

Wheat 

76 

Distillers’ grains (wheat) 

80* 

Oats 

72 


* Estimate. 


These figures might lead to the conclusion that any one of these feeds 
would be as good as oats as a source of energy, and there can be no doubt 
as to the adequacy of protein when oats is considered to contain enough of 
this material for work-horse feeding. 

Experimental evidence, on the other hand, appears to be entirely 
lacking on the feeding value of malt sprouts and of wheat distillers’ grains 
for horses, while only two experiments were found in which brewers’ dried 
grains were compared to oats. These were summarized by the conclusion 
that ‘Vhen cheap in price they may be used economically for half the oats 
in feeding work-horses— equalling oats pound for pound in feeding value.” 
In a third trial brewers’ dried grains were reported to be constipating to 
horses. 

Somewhat aside from the matter of the suf)ply of nutrients, there is 
the problem of the physical nature of feeds intended for horse feeding. It 
is well known that injudicious feeding practices may result in digestive 
disturbances such as “colic.” It is the danger of colic that leads many 
horsemen to avoid heavy grains such as corn or wheat. Indeed, oats, 
because of its hull, is considered as a safer feed than the heavier grains. 
The bulkiness of oats is reflected in its fibre content of 11%. Reference to 
Table 1 indicates that taking oats as a standard, all three of the by-products, 
malt sprouts, brewers’ grain, and distillers’ grain, carry sufficient fibre to 
insure freedom from digestive troubles traceable to heavy, compact feeds. 

Prompted in part by the absolute scarcity and relative high prices of 
oats at the time, and in part by tlip belief that a horse is no more demand¬ 
ing in its feed needs than a dairy cow, a series of observational tests was 
started in the fall of 194vS in which it was planned to feed farm horses, which 
had for years been accustomed to oats, on rations composed of their usual 
hay allowance plus either wheat distillers’ dried grains, or brewers’ dried 
grains or dried malt sprouts.'^ The horses were to be managed in accordance 
with the needs for work to be done. 

They were to be weighed about twice a month and the allowances of 
the oat substitutes adjusted to keep the animals at constant live weights. 

* These feeds were very kindly supplied by Distillers' Corporation Limited, National Breweries Limited, 
and Canada Malting Company, respectively. 
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From November 13, 1943 to the following April 23, 1944, six horses 
were available for the test. A second trial was carried out between June 1, 
1944 and November 1, 1944, involving 13 animals, and is described later. 

Table 2 summarizes the pertinent facts about these horses as at the 
time they were put on their respective trials. 


Table 2.—Description of horses used in oat-substitute feeding tests 


Stable 

Name 

Av. daily 

j Initial 

Description 

1 

Hay 

Oats 

weight 



lbs. 

lbs. 

lbs. 



Rivolette 

12 

13.5 

1750 

Pcrcheron mare—fat—good feeder. 


Jack 

12 

12.0 

1600 

Clyde gelding—high strung, nervous 
temperament—fussy feeder—never fat. 


George 

— 

13.5 

1600 

Clyde gelding—good feeder. 

1 

Colt 

— 

13.0 

1565 

Clyde gelding—quiet disposition—good 
feeder. 


Chief 

6 

8.0 

1120 

Thoroughbred gelding—quiet—not a 
heavy feeder. 


Nimble 

6 

6.0 

1070 

Standard-bred mare—nervous—good 
feeder. 

2 

Cockatoo 

8 

5.0 

1080 

Morgan mare—quiet—good feeder— 
easy keeper. 


Chips 

8 

5.5 

i 

1050 

Morgan-type gelding — quiet — good 
feeder (in particularly poor flesh at 
the start). 

3 

Doll 

— 

8.2 

1500 

French Canadian mare — fat—good 
feeder. 


Charlie 


7.7 

1450 

French Canadian gelding — fat — fair 
feeder. 


Pearl 

_ 

13.7 

1500 

Percheron mare—fat—fussy feeder. 

4 

Pete 

— 

14.5 

1375 

French Canadian gelding—fat—indiffer¬ 
ent feeder. 


Grayson 

— 

13.5 

1375 

Percheron-type gelding — fat — poor 
feeder. 


Jess 


13.7 

1260 

French-Canadian mare — fat — good 
feeder. 


TRIAL I 

In Stable No. 1 were four horses used in Trial I. They were indivi¬ 
dually quite different. Rivolette was an exceptionally easy keeper, and in 
addition was a greedy feeder, while Jack was a tall, raw-boned horse that 
was temperamental about his feed and his surrounding. He always 
questioned changes in feed and frequently had to be coaxed to eat his full 
allowances, (^ief and Nimble differed particularly as to hay consumption. 
Chief would e^ronly the fine parts of his hay while Nimble ate not only her 
hay but also much of her bedding. Ske kept fat while the gelding stayed 
in good condition but never seemed to put on much extra weight. 

Cockatoo and Chips, used in both tests, were both very quiet, chunky 
types and maintained their weights on a minimum of feed. 

For the first period of the trial these six horses were transferred over a 
period of two weeks from^ the ration of oats previously fed to equal allow¬ 
ances by weight of a mixture of 99% dried brewers' grains and 1% fine salt. 
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Jack questioned the new feed for two or three days and during: the first 
two weeks on the straight brewers* grains both Rivolette and Jack were 
rather fussy feeders. Their daily allowances were not eaten promptly but 
were cleaned up before the next morning. 

Live weights recorded after the first two weeks on the brewers’ grains 
showed that Rivolette had gained 100 pounds, Cockatoo had lost some 70 
pounds. Their actual measured feed consumption was found to be less 
in most cases than had been arranged for due doubtless to the feeder’s 
unfamiliarity with the bulkiness of the product. (To obtain feed records 
each horse was provided with a separate feed bin into which weighed 
amounts of feed were put as needed. Actual feeding was done by measure. 
At the end of a given period (usually two weeks) the feed remaining in the 
bin was weighed and the horse charged with the quantity of feed which 
had been removed). 

Following the first weighing Rivolette’s feed was reduced by some two 
pounds per day, while that for ("ockatoo and Chips was increased about 
half a pound daily. With these adjustments, allowances were satisfactorily 
eaten throughout the test. 

The feeding of dried brewers”grains was continued for 42 days (until 
January 2, 1945). The summary of the live weights and feed records are 
shown in Table 3. 

Table 3.—Live weights and feed consumption records of 
HORSES on brewers’ GRAINS 


Horse 

Live weights 

Gain 

42 days 

Average daily feed 

Nov. 21 

Jan. 2 

Brewers’ 

grains 

Hay* 




lbs. 

lbs. 

lbs. 

Rivolette 

1750 

1760 

10 

11 

12 

Jack 

1600 

1590 

-10 

10 

12 

Chief 

1120 

1140 

20 

6.5 

6 

Nimble 

1070 

1060 

-10 

5.5 

6 

Cockatoo 

1080 

1060 

-20 

5.5 

8 

Chips 

1050 

1080 

30 

5.5 

8 


* Estimated from periodic weighings. 


During this period none of these horses were worked. Feces were 
entirely normal throughout the period and no evidence of leg swelling was 
found. Hair coats were in excellent condition. 

Apparently daily allowances of 5 to 6 pounds of brewers' dried grains and 
6 to 7.5 pounds of timothy hay per 1000 pounds body weight were adequate 
for winter maintenance feed. 

Malt Sprouts 

At the end of the first feeding test, all six horses were transferred from 
brewers* grains to malt sprouts. This feed has a rather pronounced taste 
and aroma and even though at the start a mixture consisting of 25% 
brewers* grains, 25% oats, and 50% malt sprouts was used, the four horses 
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of Stable No. 1 refused the feed for about two days. When the day's feed 
for each horse was moistened with about a quart of water containing one- 
third pint of molasses it was readily eaten. 

After a week's time, straight malt sprouts (containing 1% salt) replaced 
the mixture of grains. It was necessary, however, to continue for another 
week the use of small amounts of molasses in Stable No. 1 to ensure the 
consumption of the full allowance. Cockatoo and Chips (Stable No. 2) 
never objected to the malt sprouts and ate well throughout the 6 weeks 
period. 

On January 6, Rivolette, following a chilling in a trip to the blacksmith, 
developed colic. An aloes ball was given her. Manure passed was normal 
and there was no evidence of impaction. Regular feed was withheld until 
January 10. Jack consistently refused to eat his full feed allowance though 
working regularly during this period. Other horses were idle. On February 
13 the malt sprout feeding was discontinued. The record of live weights 
and feed consumption during the period are shown in Table 4. 


Table 4.—Live weights and feed consumption records of 
HORSES on malt SPROUTS 


Horse 

Live weights 

Gain 

42 days 

Average daily feed 

Jan. 2 

Feb. 13 

Malt 

sprouts 

Hay 




lbs. 

lbs. 

lbs. 

Rivolette 

1760 

1880 

120 

10 .6t 

12 

Jack 

1590 

1520 

-70 

12.2 

12 

Chief 

1140 

1110 

-30 

6.4 

8 

Nimble 

1060 

1070 

10 

6.4 

8 

Cockatoo 

1060 

_* 

— 

6.0 

8 

Chips 

1080 

_* 

— 

6.0 

8 


• Not weighed due to ice and snow conditions, 
t For 35 days only, and including molasses when used. 


Regardless of the gains or losses in liveweight which occurred while on 
this feed, it was evident that the acceptableness of malt sprouts must be 
regarded as uncertain and unpredictable, depending on the individual likes 
and dislikes of the" horses. 

/ 

Distillers' Dried Grains (Wheat) 

On February 13, the horses in Stables No. 1 and No. 2 were started on 
distillers' drie^rains. The change from malt sprouts was made abruptly. 
In view of th^»gains made by Rivolette during the previous period, and 
her already over-fat condition, she was started out on an allowance of 
9 pounds daily—a reduction of about 2 pounds per day from the previous 
period. 

All horses accepted the wheat distillers’ grains without question. 
Rivolette, however, was put to work and as a result lost about 90 pounds 
in the first two weeks. Her ration accordingly was raised to 12 pounds 
per day. 
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On about March 1, a change was made in the hay fed in Stable No. 1. 
A coarser, poorer quality product replaced the good quality timothy fed 
up to that date. This was at once reflected in a lower consumption and in 
obvious wastage, and in a drop in the weights of all horses. On restoration 
of good quality hay plus a temporary increase in the allowances of the 
grains, most of the lost weight was regained. In Stable No. 2 the quality 
of the hay was especially poor all through this period. 

The six horses were carried for 70 days on the distillers’ dried.grains. 
No undesirable conditions were noted with respect to condition of legs or 
of manure. The feed appeared to be acceptable as the entire grain portion 
of the ration. The records for the 70-day period are given in Table 5. 


Table 5.—Livp: weights and fhp:d consumption records of horses 
ON wheat distillers’ grains 


Horse 

Live weight 

Gain 

70 (lays 

Average daily feed 

Feb. 13 

Apr. 23 

Distillers’ 

grains 

Hay 




lbs. 

lbs. 

lbs. 

Rivolctte 

1880 

1860 

-20 

11.7 

12 

Jack 

1520 

1540 

20 

13.1 

12 

Chief 

1110 

1070 

-40 

8.0 

6 

Nimble 

1070 

1050 

-20 

7.4 

8 

Cockatoo 

1060* 

' 1060 

— 

6.1 

7 

Chips 

1080* 

1080 

— 

6.1 

7 


• Weight, January 2, 1944. 

In considering the actual changes in body weights of these horses, it 
should be noted that the period covered is 70 days while those for the malt 
sprouts and brewers’ grains were but 42 days each. If these changes are 
real, i.e., to be charged to feed and not to the variations in single weights 
resulting from defecation or watering, etc., then they should be reduced 
by 40% to be comparable to those of the 42-day tests. Observation of 
the horses did not lead to the conclusion that they were changing weight 
appreciably over the period as a whole. 

Concerning the distillers’ grains; it proved to be an acceptable oat 
substitute for winter feeding of horses who were worked only occasionally but 
were for the most part idle. 

General Results of the Winter Feeding Tests 

Taking the 154-day feeding period as a whole, there was no evidence, 
save for the lack of palatability of the malt sprouts, that the nutritive value 
of these feeds differed from oats or from each other when they formed the 
entire non-roughage feed of the horse. No cases of swollen legs were found 
nor any evidence of digestive disturbances. Those individuals that did 
not object to the malt sprouts did well on it. 

The weight changes over the whole period are interesting. 
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Table 6.—Weights of horses at start and end of 

WINTER FEEDING 


Horse 

Nov 21 

Apr. 23 

Weight change 

Rivolette 

1750 

1860 1 

H-110 

Jack 

1600 

1540 

- 60 

Chief 

1120 

1070 

~ 50 

Nimble 

1070 

1050 

- 20 

Cockatoo 

1080 

1060 

- 20 

Chips 

1050 

1080 

+ 30 


Average per horse 

1.7 lbs. 


In connection with these figures it may be noted that Jack and Chief 
undoubtedly really lost weight during the winter. Chief had just come to 
the stable at the opening of the test. He had been on pasture during the 
summer and then on an allowance of 8 to 10 pounds of oats plus unlimited 
hay in his former stable. He had shown a little difficulty in eating and 
his previous owner had been unsuccessful in having dental work done on 
him. It was partly for this reason that he became available for these 
tests. The use of ground feed proved advantageous and he maintained 
his weight until the coarser hay was introduced, of which he refused con¬ 
siderable portions. 

Jack on the other hand proved to be temperamental in his feeding as 
well as in his behaviour. He had never been an easy keeper on any feed. 
For him the wheat distillers* grains were more satisfactory than either of 
the other feeds. 

For winter feeding of nearly-idle horses, the kind of hay available is 
undoubtedly an important factor in determining the amounts of grain feed 
needed to maintain a given condition of live weight. 

TRIAL II 

Summer Feeding 

The first series of tests gave no information relative to the value of 
any of these products for horses at work-—where the energy of the ration 
would be a greater factor and therefore where palatability might determine 
the limits to which the feeds could be used. 

For the second 'series of trials some changes were made in the horses 
used. Jack was omitted largely because he was giving his driver some 
difficulty, and was generally unsuited to feed testing work. Two others 
from the same stable, George, a mature clyde gelding and an unnamed 
three-year old clyde colt, were chosen along w.ith Rivolette and the two 
light horses, Chi4|[ and Nimble. Chips and Cockatoo from Stable No. 2 
were not available until July 1. Six additional horses from Stables Nos. 3 
and 4 were also used. The general plan of feeding was the same as in the 
previous periods except that no record was made of hay consumption. 
This was partly due to the fact that some of the teams had access to pasture, 
nights and weekends. 

Malt sprouts was omitted as the results during series 1 indicated that 
one of its limiting factors Was palatability. It was also decided to divide 
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the horses into two groups—one to be fed continuously on brewers* grains 
and the other on wheat distillers* grains. Salt was to be fed individually 
to each horse. 

All horses were started during the first week in May on a mixture of 
equal parts of crushed oats and brewers* dried grains. On June 1 the 
horses in Stables No. 1 and No. 2 were changed to straight wheat distillers* 
grains; those in Stables No. 3 and No. 4 to brewers’ dried grains. 

The main feeding period continued through August, though the two 
horses in Stable No. 2 and the pair in Stable No. 3 were left on their respec¬ 
tive rations through October. Weighing was done approximately at fort¬ 
nightly intervals but this was not strictly adhered to because of summer 
work schedules. F'or purposes of this report all weighings in a given 
calendar month were averaged and taken as the average weight of the 
horse during that month. No unusual tluctuations were found in adjacent 
weighings and the average figures appear to give a true picture of the 
success in adjusting feed allowances to maintain the horses in constant 
live weight. 

In Table 7 are summarized the average monthly weight of the horses 
and their average daily intakes of brewers’ grains or distillers* grains. 


Table 7.— Weights of horses and feed consumption records—Trial II 


Feed 

Horse 

June 

July 

August 

Weight 

Feed 

Weight 

Feed 

Weight 

Feed 


1 

Rivolctte 

1850 

11.0 

1840 

15.0 

1840 

11.5 


George 

1600 

13.5 

1550 

15.2 

1570 

11.0 


Colt 

1565 

13.3 

1560 

15.4 

1530 

10.7 

Wheat distillers’ 

Chief 

1110 

8.3 

1100 

10.4 

1090 

8.9 

grains 

Nimble 

1075 

8.3 

1100 

11.3 

1100 

6.7 


Chips 

— 

— 

1040 

5.0 

1020 

5.0 


Cockatoo 

— 

— 

1015 

5.0 

1000 

5.0 


Doll 

1500 

8.2 

1540 

7.4 

1500 

8.1 


Charlie 

1450 

7.7 

1450 

7.9 

1465 

7.5 

Brewers’ dried 

Pearl 

1500 

13.7 

1530 

11.0 

1550 

10.7 

grains 

Pete 

1375 

14.5 

1390 

12 0 

1400 

11.7 


Jess 

1260 

13.7 

1300 

12.0 

1315 

10.7 


Grayson 

1375 

13.5 

1375 

12.0 

i 

1375 

i 

10.7 


Because of varying work schedules it is impossible to compare directly 
the quantities of feed needed per unit of live weight of animal in these tests. 
From the data of Table 7 and the observations made during the test some 
results may warrant specific note. 

(1) There was no evidence that more than one pound of grain need 
be fed per 100 pounds of live weight of horse even when the animals are at 
farm work. 

(2) Horses differ considerably in their feed requirements per unit of 
• their weight depending on their individuality more than on their weight. 
This is doubtless influenced also by their hay consumption. Horses 
willingly eating liberal amounts of good quality hay need much less grain 
than those whose hay intake for one reason or another is low. 
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(3) There was no difficulty in getting any of the horses to eat enough 
of the brewers’ or distillers’ grains to maintain their live weights, hay 
being fed in amounts readily cleaned up. Night pasturing appeared to 
save hay, but not grain. It may also be noted that while horses were not 
^t work, they would frequently refuse to eat the full '‘work allowance” of 
the brewers’ grains. Thus it might be found that these feeds could not 
easily be used for fattening horses as for show or for sale unless mixed with 
more palatable feeds. 

(4) No adverse effect of either of. these feeds was found at any time 
during the trials. Hair coats remained in good condition; no digestive 
disturbances occurred; and no leg trouble was experienced. 

Though not a part of these tests, it may be of interest that six of these 
horses have continued for all or a part of the past winter on one or other of 
these feeds as the only grain used. Results have been entirely satisfactory. 

CONCLUSIONS 

To the extent that they can be drawn for observational tests of this 
kind, the following conclusions relative to the usefulness for horse feeding 
of brewers’ dried grains, distillers’ dried grains (from wheat), and malt 
sprouts appear to be warranted. 

Malt Sprouts^ probably because of a characteristic and pronounced 
aroma may be refused by some horses if used as the entire ration other than 
hay. If diluted with an equal weight of some other feed, as ground oats, 
it will probably be readily eaten. For those horses who do not object to 
it, this feed has proved satisfactory. 

Brewers' Dried Grains, have been found approximately equal to oats 
as a work horse feed, on the basis that when used as the entire grain portion 
of the ration no larger allowances were needed to keep horses in constant 
body weight than had been needed of oats. In general this feed, if not 
offered in amounts in excess of those needed to maintain body weight, will 
be satisfactorily eaten by work horses. Some horses, however, may not 
readily clean up greater allowances than this, which might limit the useful¬ 
ness of brewers’ grains in fattening or fitting rations. When mixed with 
oats, this limitation was not apparent. 

Distillers' Dried Grains (from wheat). This by-product appeared to 
be equal to oats under the conditions of this test. It may be noted that for 
one very hot week during July, the three draft horses in Stable No. 1 were 
on especially heavy work. As a consequence they lost considerable weight 
(about SO pounds). Rather than increase the feed allowance, 20% barley 
was added to the distillers’ grains to increase its weight per quart. Within 
two weeks the l^ weight had been recovered, and during the next month 
the feed allowances were redujced as seen in Table 7. Distillers’ grains were 
readily eaten as the sole grain allowance. The maximum offered was 1 
pound per 100 pounds of live weight of the animal. 

It seems logical to believe then that either brewers’ dried grains or 
wheat distillers’ grains may be used as all or any part of the grain allowance 
for farm horses. 
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SUMMARY 

This paper is a revision of the North American species belonging to 
the Phasia complex as they occur north of Mexico. Twenty-three species 
and one subspecies belonging to ten genera are described and illustrated. 
Of these, one genus and eight species are recognized as new. A number of 
exotic genera are included in the keys for the purpose of comparison with 
our native forms. 

Coquillett (1) placed the .species belonging to the Phasia comp\ex in two 
genera, Phorantha Rondani and Alophora R-Desvoidy, including some 
fifteen species, most of which he described at that time. Feeling that this 
revision was inaccurate as regards its commonest species, Robertson (7) 
attempted to revise the concept of Phorantha occidentis (VVlk.) of Coquillett 
which in the revision was placed with seven synonyms; the opinion was 
expressed that the true occidentis was not identifiable and that occidentis of 
Coquillett contained at least three distinct species, two of which Robertson 
then described. More recently, Townsend (8) recognized nine distinct 
genera as applying to the North American members of the group, classifying 
the complex as part of the subtribe Phasiina. Townsend’s classification on 
the whole has not been accepted by the North American workers, C'urran 
(2) placing the species in two genera, Hyalomya R-Desvoidy and Alophora 
R-Desvoidy, these two corresponding closely to Coquillett’s Phorantha and 
Alophora, 

HOST RELATIONS 

The members of the Phasia complex possess in the females along, 
sharp, piercing ovipositor with which thin shelled, unincubated eggs are 
injected directly into the body of the host. Known hosts are adult Hemi- 
ptera. Although adults of most species are rather common and easily 
captured around flowers, very iiitle is known about their life histories or 
immature stages. Milliken and Wadley (5) working with Ilyalomyiopsis 
aldrichi Townsend (reported as Phasia occidentis Wlk.) a parasite of Nysius 
ericae Schill. in Kansas, gives a summary account of its life history: the 
life cycle requires about 25 days and in this respect bears a close relationship 
to the habits of the host; the parasitism is almost entirely confined to the 
females of Nysius^ the destruction of the males being negligible; it was also 

1 Contribution No. 2362, Division of Entomology, Science Service. Department of Agriculture. Ottawa. 

* Junior Entomologist. 
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found that although the host is not always destroyed the egg laying capacity 
is much reduced. Painter (6) reported that the parasitism of Lygus 
pratensis Say by Alophorella aeneoventris rohertsonii Townsend (reported as 
Alophora opaca Coq.) to be 2 to 4% in the overwintering generation, the 
parasite laying its eggs in the fall and overwintering as a partially grown 
maggot in the host, pupating in the soil the following spring. 

CLASSIFICATION AND CHARACTERS OF IMPORTANCE 

The tribe Phasiini in the general conception (Townsend, 8) contains 
two well marked reproductive-habit groups, those genera as Pallasia R-D. 
(Cistogaster Lat.), Xysta Meig., Ectophasia Townsend and allies which lay 
flattened unincubated eggs externally on the host and the members of the 
Phasia complex which inject eggs into the host. These habits are closely 
correlated with the stuctures of the male and female reproductive organs, 
and while other body characters of the two groups appear to intergrade and 
overlap, the genitalic characters will separate the two. 

The Phasia complex may be characterized as follows: 

Body short and broad; abdomen oval and flattened, particularly 
in the male; chaetotaxy very poorly developed, the abdomen 
without macrochaetae or these very poorly developed; wings 
broad or narrow, generally with some darker markings but often 
clear; apical cell closed and with a long straight p)etiole; female 
genitalia in the form of a sharp piercer ; male genitalia box-like, 
the large rectangular forceps covering most of the other structures. 

Coquillett’s division of the complex into two genera (1) was based on 
the bristling of the head, those species with the sides of the front hairy 
outside the frontal bristles being placed in the genus Alophora R-Desvoidy, 
while those without additional rows of hair on the front were placed in 
Phorantha, This arrangement will successfully place our species in two 
groups, but other characters show that the grouping is largely artificial. 
Curran's division of the complex into two genera (2), based on the pleural 
hair, those with dense yellow hair being placed in Alophora R-Desvoidy, 
those with black pleural hair in Hyalomya R-Desvoidy, is even less illum¬ 
inating as some species have both yellow and black hair on the pleura, and 
there is every gradation between the two extremes. 

It becomes evident after an examination of the genera involved that 
these fall into a number of natural divisions, each division with its own range 
of variables and'^xonomic characters, the characters employed in one 
division being only partly usable in the next. There is furthermore a great 
difference in the ease of separation of the genera in the different divisions. 
In other words we have stable or mature divisions and unstable or young 
divisions. What is not generally realized, however, is that this very 
difference in stability provides one of the best characters for separating the 
divisions. It is proposed in this paper to divide the North American 
representatives of the Phasia complex into five major divisions; division I, 
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Heyneophasia TT. and allies; division II, Phasia Latr. and allies; division 
III, Paraphorantha TT. and allies; division IV, Alophorella TT. and allies; 
division V, Hyalomya R-D. and allies. 

Of highest importance to our classification within the complex appears 
to be the structure of the head plus that of the wing venation. These 
characters outline in a general way the five main divisions. Characters of 
second importance appear to be the arrangement of bristles particularly 
on the head, plus the structure of the female abdomen in the Phasia and 
Hyalomya divisions where these characters are distinctive or the structure 
of the male wing in the Alophorella and Hyalomya divisions where the 
females are much alike. Of third importance (chiefly generic) are minor 
characters of the above plus colour and pollinosity. 

Colour characters of generic importance are found particularly in the 
male wing, the wings being whitish or not whitish, with markings which 
follow the wing veins, with markings which are confined to .streaks without 
regard to the veins, or with the wing uniformly brownish or entirely clear. 
Characters of the pollinosity are found chiefly on the abdomen, the abdomen 
being covered with thick opaque pollen, with thin pollen, pollinose with 
shining spots, subshining or polished. It has been found that colour and 
pollinosity characters are some of the most reliable guides to the taxonomy 
of the whole complex. 

Colour within a species appears to have a very different value to colour 
within a genus. In the species Alophorellopsis purpurascens TT., Alophorella 
aeneoventris Will, or in Alophoropsis species for example, the smaller speci¬ 
mens have a much poorer developed wing pattern in proportion to the total 
size than do the larger specimens, and in forms with broadened male wings, 
the ratio of the wing width to the wing length diminishes as the specimens 
become smaller. Thus in one species it is possible to have small specimens 
with clear, narrow wings along with large specimens with broad pictured 
wings. 

One of the great difficulties encountered, particularly in the Alophorella 
division will be the determination of the females. This sex lacks the 
characteristic wing shapes and wing patterns found in the males, and the 
pollinosity of the abdomen tends to conform to one type. For this reason 
it should be made clear that the separation of the genera of the Alophorella 
division (the genera Alophoropsis, Oedemafopteryx, Euphorantha and 
Alophorella) has been based on male characters not possessed by the female. 
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KEY TO THE NORTH AMERICAN GENERA 

1. Vertex over one-third head width in both sexes, the front cquibroad; epistoma very 

short, about half as long as the clypeus; front without additional rows of hairs out¬ 
side the frontal row but with three or four small, proclinate, orbital-like hairs. 

Tropical. Heyneophasia Townsend 

Vertex less than a fourth as wide as the head; epistoma as long as the clypeus.... 2 

2. Two strong sternopleural bristles; epistoma perpendicular, not warped forward; 

parafrontals contiguous in both sexes (fig. 6); petiole of apical cell short, 
less than one-fifth as long as the preceding section of R 5 , the cubitulus very 

obtuse. Paraphorantha Townsend 

Less than two sternopleurals or the epistoma strongly warped forward. 3 

3. Eyes separated by a distance greater than the width of the ocellar triangle (figs. 3, 5); 

frontalia very broad, at most slightly narrowed posteriorly; head very wide and 
flat; male wings generally whitish, pictured with brown; petiole of the apical cell 

generally less than one-fourth the length of the preceding section of Rs. 4 

Eyes separated by a distance less than the width of the ocellar triangle, the frontalia 
well narrowed posteriorly; head more rounded, not flattened across the top; petiole 
of the apical cell one-fourth to one-half the length of the preceding section of Rs . . 6 

4. No sternopleural bristle; pleura and notum very heavily yellow haired; epistoma nearly 

perpendicular, only slightly warped forward; parafrontals with many rows of hairs 
outside the frontal row anteriorly; petiole of the apical cell about one-seventh as 
long as the preceding section of Rj, the apical crossvein joining Rs at an 
acute angle; piercer curved upwards, the sheath not flanged {Alophora R-Desvoidy), 

Europe. Phasia Latreille 

One sternopleural bristle; epistoma strongly warped forward; petiole of the apical 
cell about one-fourth the length of the preceding section of Rs; piercer sheath 
flanged or curved downwards. 5 

5. Many additional rows of hairs pre.sent outside the frontal row anteriorly; wings only 

slightly widened in the male; male abdomen highly polished; piercer pointing down¬ 
wards . Phasiomyia Townsend 

No additional rows of hair outside the frontal row; male wings generally very broad and 
the abdomen pollinose; piercer pointing upwards. Paraphasia Townsend 

6 . One or more rows of hairs outside the frontal row anteriorly (fig. 4); petiole of the 

apical cell one-fourth to three-eighths the length of the preceding section of Rs.. 7 

No hair strip outside the frontal row anteriorly (figs. 1, 2); petiole of the apical cell 
three-eighths to one-half as long as the preceding section of Rs. 10 

7. Male wings broad, the anal area enlarged and the costa strongly bulging or arcuate; 

fifth vein rarely reaching the wing margin; wings generally whitish, strongly marked 

with brown along the veins. 8 

Male wings narrow, the anal area not particularly enlarged, the costa straight or 
slightly arcuate; fifth vein reaching the wing margin; wings not whitish, hyaline 
with brown stains which do not follow the wing veins. 9 

8 . Male abdomen heavily pollinose, the pollen dense, opaque, 

yellowish-gf^. Oedematopteryx Townsend 

Male abdomen shining or subshining, the pollen thin, greyish or 
bluish grey. Alophoropsis Townsend 

9. Abdomen brownish or greyish pollinose; vibrissae.not well differentiated from the 

accessory vibrissae; wings nearly uniformly darkened; 

length 6-12 mm. Euphorantha Townsend 

Abdomen shining or subshining, at least in the central region; vibrissae well differ¬ 
entiated; wings generally conspicuously stained with brown across the centre; 
length 3-6 mm. Alophorella Townsend 
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10 . Male wings broadened, at least in the anal area; colour whitish hyaline, marked with 

brown basally or along the veins; abdomen nearly round to elliptical, shining or 
thinly p>ollinose with distinct shining spots at the bases of the hairs or evenly 

pollinose. 11 

Male wings narrow; colour clear. 12 

11 . Abdomen highly polished, at least centrally; cheeks one-third eye height; third vein 

bristled at the base; species 8-9 mm. long, Europe. Phoranlha Rondani 

Abdomen more or less pollinose, usually punctate; checks one-sixth eye height; third 
vein with at most one small bristle at the base; species 2-6 

mm. long. Alophorellopsis Townsend 

12. Presutural supraalar bristle absent; ocellar and vertical bristles absent or hair like; 

frontal bristles extending two or three below the anterior points of the frontalia; 
wings long, narrow and pointed; legs stout, the hind tibia of the male short, three- 
fourths to four-fifths as long as the femora, curved; piercer long, hooked up at the tip, 
the sheath flanged; third sternite of the female obsolete. . . .Phoranthella Townsend 
Presutural supraalar present; ocellar and vertical bristles present, strong or weak; 
frontal bristles stopping at the anterior points of the frontalia or one below. 13 

13. Seventh sternite of the female (piercer sheath) flanged, pointing downwards, the 

piercer pointing upwards; cheeks linear, mostly facing downwards (Parallophora 

Girschner), Europe. Hyalomya R-Desvoidy 

Seventh sternite of female not flanged, closely appressecl to the piercer which points 
upwards; cheeks at least distinct when viewed in profile. Hyalomyiopsis n. gen. 
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DIVISION I—Heyneophasia and allies 

The genus Heyneophasia Townsend (genotype H, heynei Townsend, 
Costa Rica) has not been recovered from North America, north of Mexico, 
but in the tropical and subtropical regions from Mexico to Northern 
Argentina the various species appear to form a large part of the Phasia 
complex. From the descriptions it appears evident that Van der Wulp^s 
Ilyalomyia munda, villosa, hebeSy ochriceps and argenticeps (9) belong either 
in Heyneophasia or a closely allied genus. Townsend also records Hyalomya 
ecitonis Townsend (1897) as being referable to Heyneophasia, 

Front very broad, one-third to one-half head width in both sexes, the 
front and face equibroad; parafrontals without additional rows of hairs 
outside the frontal row’, but with three or four short, proclinate hairs in a 
row; ocellars and verticals developed; epistoma about half as long as the 
clypeus, warped in the clypeal plane, extending but little below the vibrissae. 
Claws and pulvilli about half to three-fourths as long as the last tarsal 
segment. Wings narrow; petiole of the apical cell one-third as long as the 
preceding section of Rs; Rs with one or two bristles at the base; wings 
clear. Abdomen round, mostly shining with transverse pollinose bands in 
the male, thinly pollinose in the female, quite hairy. Piercer curved up; 
sheath broad and stout, somewhat knobbed at the tip, slightly turned 
down. 

DIVISION II—Phasia and allies 

This division contains vsome of the largest and most striking of our 
Phasine flies. On account of their large size, coloured wings and the 
tendency to develop thick, yellow pleural hair, these forms are largely those 
which have been determined as Alophora spp. by American workers in 
recent years. 

The genus Phasia Lat. {Alophora R-Desvoidy) in its restricted sense 
has not been recovered from North America. While Coquillett used the 
name Alophora in a very broad sense, his character (hairy front) excluded 
members of the genus Paraphasia TT. which have no additional rows of 
hairs on the front. Coquillett’s member of that genus was placed in his 
genus Phorantha (as nigrens V. d. Wlp.). 

In North America two well characterized genera are found, Paraphasia 
TT. and Phasiomyia TT., both genera being easily separated from each 
‘other and from tjie European Phasia by many definite characters. This 
relative ease of separation is in sharp contrast to that found in the Alo- 
phorella division in which the genera are poorly defined and highly variable. 

Genus Phasiomyia Townsend 

1915— Phasiomyij^T ownsend. Proc. Biol. Soc. Wash., XXVIII, 20; one species as Alophora 
5/)/endfdtf^»quillett (1902); Townsend, Manual of Myiology, VII, 67, 1938. 

Length 6-8 mm. Black, the male abdomen highly polished; wings 
whitish, patterned with brown. Male head wide, flattened on top and the 
'parafacials scooped out, the female front less flattened and the parafacials 
only slightly concave; eyes separated by a distance greater than the width 
of the ocellar triangle in the male (fig. 5), somewhat closer together in 
the female; frontalia wider than the parafrontals, equibroad; epistoma 
strongly warped forward, longer than the clypeus; parafacials wider than 
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the facialia, the two together equal to the width between the vibrissae; 
cheeks one-fourth to one-third eye height; ocellar and vertical bristles not 
differentiated; parafrontals with four to six additional rows of hairs outside 
the frontal row anteriorly, the hairs on a definite raised area; vibrissae 
weak; palpi long and enlarged apically. Acrostichals 0.1 (0.2); dorso- 
centrals 0.1 (1.2); intraalars O.l; supraal.irs 1.1; lateral scutellars 2; 
sternopleurals 1. Wings narrow or slightly broadened, the costa straight 
or arcuate, the anal area enlarged; petiole of the apical cell just over one- 
fourth the length of the preceding section of R.^,; 5R broad; cubitulus a 
rounded right angle; 3VIi joining R.t, nearly at right angles. Legs robust; 
femora of male enlarged; hind tibia curved. Abdomen broad, flattened 
and pointed; sternites all well formed; piercer moderately wide, curved 
ventrally, extending beyond the sheath; sheath very broad, shovel¬ 
shaped, also curved ventrally. 

Superficially the females of this genus resemble the female.s of Alo- 
phorella and allies to a marked degree while the males are typical of the 
Phasia division. The structure of the ovipositor, however, is very different 
from Alophorella. Townsend compared Phasiomyia to Alophoropsis but 
the relationship appears to be a distant one. 

Only one species is known. 

Phasiomyia spendida (Coquillet t) 

Alophora splendida Coquillctt, Proc. U.S. Natl. Mus.,XXV, 105,1902, new name \or Alophora 
feneslrata Bigot of Coquillett (1897) not of Bigot, 1889; tvi)c male. New Hampshire 
(U.S.N.M.). 

Male. Antennae black; frontalla black; front dark grey, the pollen 
having a yellowish tinge; clypeus, epistoma, parafacials and cheeks slate 
grey, the cheeks yellow haired; palpi yellow. 

Thorax dark; pleura, humeri, lateral line, prescutellar band and 
scutellum grey pollinOvSe, the disc of the mesoscutum with a large patch of 
bright golden pollen, the rest of the me.sonotum subshining black; pleural 
hairs yellow. Wings whitish hyaline or nearly clear, strongly or faintly 
marked with brown along the veins, the anal area and the p)osterior border 
whitish or clear (fig. 13); squanicie brown, the lower half of the front scale 
whitish. Front femora with dense black hair dors;ally, yellow hair ven¬ 
trally; posterior femora with long, dense, black hair dorsally; claws and 
pulvilli very long. 

Abdomen highly polished, purple to reddish, golden pollinose laterally 
and apically on the fourth segment, lightly greyish pollinose on the first 
segment; abdominal hair long, moderately dense, black on the dorsum, 
yellow on the venter. 

Female. Generally smaller than the male; epistoma less projecting, 
the front narrower and the parafacials and cheeks narrower than in the 
male. Mesonotum dull black, the disc of the mesoscutum with a patch 
of brownish pollen; pleura mostly black haired. Wings narrow, clear, not 
marked with brown; veins yellow; squamae dark yellow. Legs black; 
femora not enlarged and without the characteristic hair patches of the 
male, wholly sparsely black haired. Abdomen subshining black, uniformly 
covered with greyish-yellow or brownish pollen which is evident when the 
abdomen is viewed from behind, the pollen thinner on the posterior edges 
of the segments and along the median line. 
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Distribution, ' Alberta (Slave Lake, Aug. 15-25): Maine (Chamber- 
lain Lake, Sept. 7; Mt. Katahdin, Aug.): New Brunswick (Douglas, 
Aug. 7; Fredericton, Aug. 3): New Hampshire (Franconia, Sept.; White 
Mts.; Mt. Manodrock, Dec. 23; Base Mt. Wash., Aug. 21-Sept. 21 ; 
Kinsman Notch; Noxon Camp): New York (Oliverea, Sept. 3; Ithaca): 
North Carolina (Mt. Mitchel, Aug. 22-Sept. 6) : Ontario (Frater, Aug. 
28; Algonquin Park; Lake Nipigon, July 23-28; Lake Abitibi, Aug. 15): 
Pennsylvania (North Mt., Sept. 2 ): Quebec (Duchesnay, July 27; 
Bordeau, July 27; Awantjish, Aug. 4; Val. d’Espoir, Aug. 24-29; Cas- 
capedia River, Sept. 6; Gaspe, Aug. 13): Tennessee (Smoky Mts., Sept. 
1 ): Vermont (Grand Isle, July 3; Peru, July 31): Washington (Seattle). 

Genus Paraphasia Townsend 

1915— Paraphasia Townsend, Proc. Biol. Soc. Wash., XXVIII, 20; one species as Alophora 
fenestrata Bigot (1889); Townsend, Manual of Myiology VII, 63, 1938. 

Length 6-10 mm. Black; abdomen rounded, thinly pollinose; male 
wings generally broad, whitish, marked with brown. Head much wider 
than high, the front flattened and the parafacials scooped out; epistoma 
very long and strongly warped; eyes separated by a distance nearly equal 
to twice the width of the ocellar triangle in the male, slightly less in the 
female (fig. 3); frontalia about three times as wide as the parafrontals 
and nearly parallel-sided; parafacials much wider than the facialia, the 
two together narrower than the distance between the vibrissae; cheeks 
two-fifths eye height; ocellar and inner vertical bristles differentiated; no 
additional rows of hairs outside the frontal row anteriorly; vibrissae weak; 
palpi long and enlarged apically. Acrostichals 0 . 0 ; dorsocentrals 1.1; 
intraalars 0 . 1 ; supraalars 1 . 1 ; lateral scutellars 2 ; sternopleurals 1 . Wings 
narrow to very broad, generally with an enlarged anal area and bulging 
costa in the male; petiole of the apical cell one-sixth to one-fourth the 
length of the preceding section of R 5 ; cubitulus generally a rounded right 
angle; Mi joining Rs at a right angle or nearly so. Abdomen broad and 
flattened; piercer heavy, short, slightly curved up; piercer sheath heavy, 
blunt, curved ventrally at right angles to the piercer. 

The North American species may be separated as follows: 

1. Legs entirely black... 2 

Legs at least partly reddish; male wings whitish, pictured with brown. .fenestrata (Bigot) 

2. Abdomen black with distinct bands of grey pollen; wings not whitish but transparent, 

the costal cell and the basal cells coloured with brown, leaving the apical third of the 
wing entirely clear; cubitulus at a marked obtuse angle.'. nigra n. sp. 

Abdomen mostly reddish, without distinct bands of pollen; male wing strongly whitish, 
the costal cell slightly brownish; cubitulus nearly a right angle. albipennis n. sp. 

^ Paraphasia fenestrata (Bigot) 

Alophora fenestrata Bigot, Ann. Soc. Ent. Fr., V.III, 255, 1889; type male, Nevada (New¬ 
market ?). 

Phorantha hidweUi Hine, Ohio Naturalist, II, 229, 1902; type male, Kansas (Ohio State 
U.); Townsend, Ins. Ins. Mens., IV, 128, 1916, synonymy. 

Alophora mc^napennis Johnson, Psyche, XI, 19, 1904; type, male, Montreal, Quebec 
(M. C. Z.); New Synonymy. 

Phasia phasiatrata Smith, Psyche, XXII, 98, 1915; type, female, New Hampshire 
(U.S.N.M.); Townsend, Ins: Ins. Mens., IV, 128, 1916, synonymy. 
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Male. Length 8-10 mm. Antennae black, the second segment 
brownish, the third segment small and rounded, the second segment four- 
fifths as long as the third; arista thickened one-fourth way; frontalia dark 
reddish; front yellowish; clypeus, parafacials and cheeks grey; occiput 
grey with white hairs; palpi yellow. 

Thorax dark; pleura, humeri, lateral line and the apical three-fourths 
of the scutellum greyish pollinose; mesonotum heavily golden-yellow 
pollinose with four darker vittae, the central pair found in front of the 
suture; pleural hair white, yellow or black. Wings very broad across the 
base (fig. 9), the costa strongly bulging and the anal area enlarged; colour 
whitish, strongly marked with brown in the costal region and along the 
veins, and with a distinct white mark extending from the costa to the 
centre of the discal cell; discal cell broad; cubitulus at right angles, the 
apical cross vein joining Rs at right angles; squamae wholly dark yellow 
or whitish in the central region. Legs reddish-yellow, the tarsi darker; 
femora not particularly enlarged, the hind tibiae slightly curved; femora 
clothed posteriorly with yellow hair, dorsally with black hair. 

Abdomen nearly round, wider than the thorax and flattened, the 
genital segment clearly visible from above; colour wholly red or mostly 
black with a narrow reddish margin; dorsal abdominal hair short, thin 
and black, closely appressed; lateral and ventral hair long, dense, erect 
and yellow. 

Female. Ryes separated by a distance equal to one and a half times 
the width of the ocellar triangle, the frontalia widening in front. Abdomen 
black, wholly brownish-yellow pollinose, the pollen thinner on the posterior 
fourth of segments one to three. Wings narrow, entirely clear. Otherwise 
except for sexual differences as in the male. 

Distribution. District of Columuia (Rock Creek, April 28-May 1): 
Kansas (Lawrence): New York (Ithaca, May; Caroline, May 6): North 
Carolina (Raleigh, April 2) : Ontario (Ottawa, May 24; Constance Bay, 
May): Pennsylvania (North Mt., June 7): Quebec (Hull, May; Aylmer, 
April 20; Laniel, May 24; Rigaud, May 29; St. Hilaire, May 21): Virginia 
(Vienna, April 7; U. of Richmond, May 1): Washington (Seattle, April 
8 ). 

Paraphasia albipennis n. sp. 

Male. Length 10 mm. Antennae black, the second segment reddish; 
lunule shining black; the rest of the head, including the frontalia, heavily 
greyish pollinose; cheek and occiput white haired; vertex one-sixth head 
width; frontalia as broad as the ocellar triangle, slightly widened anteriorly; 
clypeus moderately and evenly concave; epistoma just projecting beyond 
the antennal prominence. 

Thorax dark; pleura, lateral line and the apical half of the scutellum 
greyish pollinose; mesonotum and the basal half of the scutellum golden 
pollinose, the mesonotum showing four broad vittae, the central pair 
present before the suture; pleural hair white and yellow. Wings slightly 
widened at the base, the costa arcuate but not strongly bulging (fig. 10); 
colour entirely whitish, yellow at the base and with a dark brown spot at 
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the tip of the subcosta; cubitulus at a slight obtuse angle, the apical cross¬ 
vein entering Rs nearly at right angles; squamae white with a yellow 
border. Legs wholly black, the femora with long white hair posteriorly. 

Abdomen mostly reddish, with the incisures and a broad median vitta 
black; lightly grey pollinose on the first segment and on the lateral edges 
of the following segments and in the central region; abdominal hairs fine, 
black on the dorsum, yellow on the venter. 

Holotype. cf. Saskatoon, Sask., 2 .V. 1940 (A. R. Brooks): No. 5588 
in the Canadian National Collection, Ottawa. 

Paraphasia nigra n. sp. 

Male. Length 8 mrn. Antennae, black, the second segment reddish; 
frontalia black; front greyish pollinose with a faint golden tinge; clypeus, 
parafacials, cheeks and occiput silvery grey pollinose; cheeks and occiput 
white haired; vertex one-sixth head width; epistoma evenly warped, the 
oral margin axis just longer than the antennal axis. 

Thorax dark; pleura, humeri, lateral line nnd scutellum greyish 
pollinose; mesonotum golden-yellow pollinose with four distinct vittae, 
the central pair short; pleural hairs yellow or white. Wings narrow, 
slightly enlarged on the anal area, th<‘ costa straight, not bulging or arcuate 
(fig. 11 ); colour transparent, slightly whitish in the cells, marked with 
brown on the basal two-thirds, the brownish colour rather faint except 
in the costal cell; petiole of the apical cell two-sevenths as long as the 
length of the preceding section of R 5 ; cubitulus broadly obtuse; Mi joining 
R 5 at an acute angle; squamae dark brown, the lower half of the front 
scale white. Legs dark brown to black, uniformly coloured, the front and 
mid femora white haired posteriorly. 

Abdomen wholly black, grey pollinose, the pollen covering the abdomen 
except on the narrow posterior edges of the segments which are shining 
black; abdominal hair black, each hair with a small shining spot at its base. 

Female. Head as in the male but the front slightly narrower and the 
epistoma not so protuberant. Thorax black, lightly covered with greyish 
pollen; mesonotum greyish pollinose with four darker vittae. Wings 
narrow, entirely clear; squamae white, the anterior scale somewhat 
yellowish. Abdomen black with grey pollen on the anterior three-fourths 
of segment two, three and covering segment four except for the extreme 
tip; segment one, the posterior fourth of segments two and three and a 
faint central vitta shining black. Otherwise except for sexual differences 
as in the male. 

Ilolotype.^c^, Ukian, California, 31.3.30 (C. C. Wilson); in the 
United States National Museum, Washington. 

Allotype, 9 , Los Angeles Co., California, April (Coquillett), labelled 
*'Phorantka nigrens Wlp.” and ''Phorantha ? occidentalis Wlk. typical”; in 
Washington. 

Paratype. cT, Knight's Lndg., California, 2.IV.32; in H. J. Rein- 
hard's collection, College Station, Texas. 



July, 1945] 


BROOKS—TAXONOMY OF PHASIA COMPLEX 


659 


DIVISION III—Paraphorantha and allies 

Members of this division are largely tropical or subtropical, only three 
species of Paraphorantha being recorded from United States. 

Genus Paraphoranta Townsend 

1915— Paraphorantha 'I'ownsend, Proc. Biol. Soc. Wash., XXVIII, 20; one species as 
Alophora grandis Coquillelt (1897): Townsend, Manual of Myiolo^y VII, 64, 1938. 

Length 6-12 mm. Black, thinly greyush or yellowish pollinose; wings 
narrow. Head rotund; eyes large, nearly touching or very narrowly 
separated in both sexes (fig. 6 ); epistoma not warped forward, nearly 
vertical; frontal bristles weak and short, the parafrontals with an addi¬ 
tional row of hairs outside the frontal row anteriorly; ocellar and vertical 
bristles absent; parafacials one and a half times as wide as the facialia, the 
two together as wide as the distance between the vibrissae; cheek one-sixth 
eye height. Acrostichals O.l ( 0 . 2 ); dorsocentrals 0.1 ( 1.1 or 1 . 2 ) in- 
traalars 0.0 ( 0 . 1 ); supraalars 1 . 1 ; sternopleurals 2 ; lateral scutellars 2 . 
Wings narrow in both sexes, pointed; p)etiole of 5R one-eighth to one-sixth 
as long as the preceding section of R 5 ; cubitulus very obtuse, the apical 
crossvein entering R 5 at an acute angle. Abdomen oval, evenly rounded, 
subshining with thin whitish or yellowish pollen. Legs normal, the tibiae 
and femora straight; claws and pulvilli very long in the male. Piercer 
narrow, curved upwards; piercer sheath long, two and a half times as long 
as the preceding sternite, curved upwards hiding the piercer. 

The three North American species may be separated as follows: 

1. Species 6-7 mm. long; abdomen black, distinctly yellowish-grey pollinose in the female, 

the male with broad brown bands on each segment or nearly uniformly brownish 
black; pleural hair black or yellowish. pollinosa n. sp. 

Species 9-12 mm. long; abdominal pollen not conspicuous in the female, the male with 
only one brown band at the most. 2 

2. Pleural hair white or yellowish; posterior two segments of the abdomen thinly golden 

pollinose in contrast to the greyish pollinose anterior segments; mesonotum rather 
distinctly vittate. auricaudata n. sp. 

Pleural hair black; abdomen subshining black, thinly whitish pollinose, the male with a 
brown band on segment two. grandis (Coquillett) 

Paraphorantha grandis (Cofjuillett) 

Alophora grandis Coquillett, Rev. Tach., 45, 1897; type female, Lufkin. Texas (U.S.N.M.). 

Male. Length 9-10 mm. Antennae black, the second segment reddivsh; 
arista long, tapered from base to apex; frontalia reddish, pinched out in 
front of the ocelli; parafrontals greyish with a faint yellowish tinge; 
parafacials and cheeks golden yellow; epistoma denuded; occiput grey 
with white hairs; palpi enlarged apically, dark yellow, strongly haired. 

Thorax dark, subshining on the disc; humeri, lateral line and the 
apical half of the scutellum more noticeably grey; a pair of short, narrow, 
brownish vittae on the prescutum; basal half of the scutellum and a narrow 
band on the mesonotum just posterior to the suture.dark brown; post- 
scutellum and pleura grey pollinose; pleural hair black. Wings narrow 
and pointed; colour uniformly brownish to nearly clear (fig. 8 ); squamae 
brown, the lower half of the top scale white. Legs black or dark brown. 
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the tip of the subcosta; cubitulus at a slight obtuse angle, the apical cross¬ 
vein entering Rr nearly at right angles; squamae white with a yellow 
border. Legs wholly black, the femora with long white hair posteriorly. 

Abdomen mostly reddish, with the incisures and a broad median vitta 
black; lightly grey pollinose on the first segment and on the lateral edges 
of the following segments and in the central region; abdominal hairs fine, 
black on the dorsum, yellow on the venter. 

Holotype. cf, Saskatoon, Sask., 2 .V. 1940 (A. R. Brooks): No. 5588 
in the Canadian National Collection, Ottawa. 

Paraphasia nigra n. sp. 

Male. Length 8 mm. Antennae, black, the second segment reddish; 
frontalia black; front greyish pollinose with a faint golden tinge; clypeus, 
parafacials, cheeks and occiput silvery grey pollinose; cheeks and occiput 
white haired; vertex one-sixth head width; epistoma evenly warped, the 
oral margin axis just longer than the antennal axis. 

Thorax dark; pleura, humeri, lateral line and scutellum greyish 
pollinose; mesonotum golden-yellow pollinose with four distinct vittae, 
the central pair short; pleural hairs yellow or white. Wings narrow, 
slightly enlarged on the anal area, the costa straight, not bulging or arcuate 
(fig. 11 ); colour transparent, .slightly whitish in the cells, marked with 
brown on the basal two-thirds, the brownish colour rather faint except 
in the costal cell; petiole of the apical cell two-sevenths as long as the 
length of the preceding section of R 5 ; cubitulus broadly obtuse; Mi joining 
R 5 at an acute angle; squamae dark brown, the lower half of the front 
scale white. Legs dark brown to black, uniformly coloured, the front and 
mid femora white haired posteriorly. 

Abdomen wholly black, grey pollinose, the pollen covering the abdomen 
except on the narrow posterior edges of the segments which are shining 
black; abdominal hair black, each hair with a small shining spot at its base. 

Female. Head as in the male but the front slightly narrower and the 
epistoma not so protuberant. Thorax black, lightly covered with greyish 
pollen; mesonotum greyish pollinose with four darker vittae. Wings 
narrow, entirely clear; squamae white, the anterior scale somewhat 
yellowish. Abdomen black with grey pollen on the anterior three-fourths 
of segment two, three and covering segment four except for the extreme 
tip; segment one, the posterior fourth of segments two and three and a 
faint central vitta shining black. Otherwise except for sexual differences 
as in the mal^ 

Holotype. d’, Ukian, California, 31.3.30 (C. C. Wilson); in the 
United States National Museum, Washington. 

Allotype. 9 , Los Angeles Co., California, April (Coquillett), labelled 
*'Phorantha nigrens Wlp.” and ''Phorantha ? occidentalis Wlk. typical”; in 
Washington. 

Paratype. c?, KnigTit’s Lndg., California, 2,IV.32; in H. J. Rein- 
hard's collection, College Station, Texas. 
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DIVISION III—Paraphorantha and allies 

Members of this division are largely tropical or subtropical, only three 
species of Paraphorantha being recorded from United States. 

Genus Paraphoranta Townsend 

1915— Paraphorantha Townsend, Pr(>c. Biol. Soc. Wash., XXYIII, 20; one species as 
Alophora grandis Coquillett (1897): Townsend, Manual of Myiology VII, 64, 1938. 

Length 6-12 mm. Black, thinly greyish or yellowish pollinose; wings 
narrow. Head rotund; eyes large, ne^irly touching or very narrowly 
separated in both sexes (fig. 6); epistoma not warped forward, nearly 
vertical; frontal bristles weak and short, the parafrontals with an addi¬ 
tional row of hairs outside the frontal row anteriorly; ocellar and vertical 
bristles absent; parafacials one and a half times as wide as the facialia, the 
two together as wide as the distance between the vibrissae; cheek one-sixth 
eye height. Acrostichals 0.1 (0.2); dorsocentrals 0.1 (1.1 or 1.2) in- 
traalars 0.0 (0.1); supraalars 1.1; sternopleiirals 2; lateral scutellars 2. 
Wings narrow in both sexes, pointed; petiole of 5R one-eighth to one-sixth 
as long as the preceding section of Rr,; cubitulus very obtuse, the apical 
crovssvein entering Rs at an acute angle. Abdomen oval, evenly rounded, 
subshining with thin whitish or yellowish pollen. Legs normal, the tibiae 
and femora straight; claws and pulvilli very long in the male. Piercer 
narrow, curved upwards; piercer .sheath long, two and a half times as long 
as the preceding sternite, curved upwards hiding the f)icrcer. 

The three North American species may be separated as follows: 

1. Species 6-7 mm. long; abdomen black, distinctly yellowish-grey pollinose in th(‘ female, 

the male with broad brown bands on each segment or nearly uniformly brownish 
black; pleural hair black or yellowish. pollinosa n. sp. 

Species 9-12 mm. long; abdominal pollen not conspicuous in the female, the male with 
only one brown band at the most. 2 

2. Pleural hair white or yellowish; posterior two segments of the abdomen thinly golden 

pollinose in contrast to the greyish pollinose anterior segments; mesonotum rather 
distinctly vittate. auricaudata n. sp. 

Pleural hair black; abdomen subshining black, thinly whitish pollinose, the male with a 
brown band on segment two. grandis (Coquillett) 

Paraphorantha grandis (Coquillett) 

Alophora grandis Coquillett, Rev. Tach., 45, 1897; type female, Lufkin. Texas (U.S.N.M.). 

Male. Length 9-10 mm. Antennae black, the second segment reddish; 
arista long, tapered from base to apex; frontalia reddish, pinched out in 
front of the ocelli; parafrontals gieyish with a faint yellowish tinge; 
parafacials and cheeks golden yellow; epistoma denuded; occiput grey 
with white hairs; palpi enlarged apically, dark yellow, strongly haired. 

Thorax dark, subshining on the disc; humeri, lateral line and the 
apical half of the scutellum more noticeably grey; a pair of short, narrow, 
brownish vittae on the prescutum; basal half of the scutellum and a narrow 
band on the mesonotum just posterior to the suture.dark brown; post- 
scutellum and pleura grey pollinose; pleural hair black. Wings narrow 
and pointed; colour uniformly brownish to nearly clear (fig. 8); squamae 
brown, the lower half of the top scale white. Legs black or dark brown. 
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Abdomen subshining black, the greyish-white pollen thin; anterior 
half of the basal segment, a broad band on the anterior half of the second 
segment and a small median spot on segments three and four brown. 

Female, Head similar to the male; mesonotum uniformly thinly grey 
pollinose. Wings clear; veins yellowish; squamae yellowish. Abdomen 
subshining black, very thinly coated with whitish pollen, the pollen more 
evident on the posterior half of the second segment, on the anterior edges 
of the segments and laterally. 

Distribution, Georgia (Stone Mt., Nov. 17): Illinois: Massa¬ 
chusetts (Melrose Hghds., Sept. 13; Forest Hills, Sept. 12): Mississippi 
(Agr. Coll., April 6): North Carolina (Raleigh, late Oct.): Texas 
(College Station, Nov. 3; Willis; Lufkin): Virginia (Great Fails, Oct. 8; 
Upton, July 2). 

Paraphorantha pollinosa n. sp. 

Male, Length 7 mm. Antennae black, the second segment reddish; 
frontalia black; parafrontals greyish with a faint yellowish tinge; para- 
facials and cheeks yellow; occiput grey with white hairs; palpi dark yellow. 

Thorax black, lightly grey pollinose on the humeri, lateral line, pleura 
and on the apical half of the scutellum, thinly yellowish pollinose on the 
prescutum; vittae distinct when viewed from behind; pleural hair mostly 
yellow, occasionally black or partly black. Wings nearly clear, lightly 
brown fumose (fig. 12); veins brown; squamae dark brown, the anterior 
scale whitish on the lower half. Legs black. 

Abdomen dark, subshining; anterior half of the first segment without 
pollen, the posterior half brownish; segments two, three and four brownish 
pollinose centrally, greyish laterally, the pollen very thin, only becoming 
evident when the abdomen is viewed from behind. 

Female, Head similar to the male; frontalia dark reddish to black. 
Pleural hair mostly yellow with intermixed black hair above; mesonotum 
conspicuously greyish white pollinose, four broad, darker vittae being 
evident. Wings clear; squamae white. Abdomen dark, conspicuously 
yellowish-grey pollinose, the pollen somewhat thinner on the posterior 
fourth of the segments and along the median line. 

Holotype, cT,'Chesapeake Beach, Md., 20.IX. 14 (C. T. Greene); in 
the Museum of Comparative Zoology, Cambridge. 

Allotype, 9 , same data as holotype. 

Paratypes, 6 cf, 5 9, Chesapeake Beach, Md., 21.IX.~, 18.IX.- 
(N. Banks) in Cambridge. 1 cf’. College Station, Texas, 5.21.19 (H. J. 
Reinhard), 19, College Station, Tex., April 21, 1939 (H. Menusan) “a 
parasite of Chlorachroa ligata Say,*' 1 9, Winter Haven, Tex., 5.21.1936 
(S. E. Jones) in H. J. Reinhard’s collection. 1 9, Anacostia, D. *C., 
24.9.14 (R. C. Shannon), 1 cf*, Bennings, D. C., 10.22.14 (R. C. Shannon), 
1 9 Beltsville, Md., July 9, 1916 (W. L. McAtee), 1 c?, 2 9, Chesapeake 
Beach, Md., 21. IX.-.19. VII. 20 (N. Banks, Bridwell), 1 9 , Grove Hill, 
Md., 20.IX. 16 (C. H. Townsend), 1 cT, Santa Clara Co., Cal. (Baker) in 
the United States National Museum. 
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Paraphorantha auricaudata n. sp. 

Male, Length 11 mm. Antennae black; frontalia brownish; front 
silvery-grey pollinose, the parafacials and cheeks golden; occiput dark 
grey with pale yellow hairs; palpi yellow. 

Thorax black, the mesonotum with conspicuous grey pollen; four very 
broad non-pollinose vittae extending from the head to the scutellum, these 
vittae about four times as broad as the pollinose strips between them; 
scutellum grey pollinose, shining at the base; pleura grey pollinose, pleural 
hair yellow. Wings broad, the costa slightly arcuate but not bulging 
(fig. 7); petiole of the apical cell about one-fifth the length of the preceding 
section of Rs; basal two-thirds of the wing dark brown, the apical one-third 
hyaline except the extreme tip of R 5 which is brownish; veins brown, 
bordered with brownish-yellow rays; squamae brown, the lower half of the 
front scale lighter in colour. Legs black, the tibiae brownish; front femur 
with yellow hair posteriorly. 

Abdomen broad and long, subshining; segments one and two thinly 
whitish-grey pollinose, the pollen more evident laterally and on the basal 
half of the first segment; posterior two segments thinly golden pollinose; 
abdominal hair black on the dorsum, yellow on the venter. 

Female. Head similar to the male, the parafacials and cheeks greyish 
with a slight golden tinge; occipital ruff white. Thorax as in the male, 
the greyish pollen being somewhat denser and the vittae narrower; sterno- 
pleural hairs yellow, the mesopleural hairs black. Wings clear; veins 
brown; squamae white with a yellowish tinge. Abdomen rather strongly 
pollinose, especially posteriorly; anterior two abdominal segments thinly 
greyish pollinose, the posterior two golden pollinose. 

Ilolotype. cf, Milton, Oregon, June 22 , 1938 (K. Gray and J. Schuh); 
in H. J. Reinhard’s collection. College Station, Texas. 

Allotype. 9 , Cuchara, Colorado, 8.7.1940 (F. Snyder). 

Paralypes. 1 9 , Yakima, Wash., Aug. 21 y 1931 (A. R. Rolfe) in 
Reinhard’s collection. 1 Mt. Moscow, Idaho, VI.24 (J. M. Aldrich) in 
the United States National Museum. 1 cT, Springdale, Ark., Aug. 1933, 
1 cf, Colton, Cal., 10.13 (F. A. Eddy) in Cambridge. 

DIVISION IV—Alophorella and allies 

The four North American genera which belong in this division are 
particularly difficult to deal with. The genera have been founded on out¬ 
standing species which have certain weak morphological characters in 
chaetotaxy, body form and wing shape, but these species appear to represent 
only one end of the variation within the genus, species at the other end of 
the variation being much more difficult to place. The weak morphological 
characters are, however, strongly supported by colour characters, extent 
of pollinosity, general size and male wing form and it is in the Alophorella 
division that this type of character is particularly useful. The females 
appear to possess no characters of value to separate them either generically 
or specifically. 
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Genus AlophoropsU Townsend^ 

1915— Alophoropsis Townsend, Proc. Biol. Soc. Wash., XXVIII, 20; one species as 
Alophora phasioides Coquillett (1897): Townsend, Manual of Myiology VII, 39, 
1938. 

Length 5-10 mm. Black with thinly pollinose or shining abdomen 
and broad whitish, usually pictured wings. Head quadrate, wider than 
high; flat front longer than the face; clypeus gently concave; epistoma as 
long as the clypeus, projecting, the oral margin axis slightly longer than 
the antennal axis; parafacials flat, one and one-half times as wide as the 
flattened facialia, the two together equalling three-fourths the distance 
between the vibrissae; eyes separated by a distance slightly less than the 
width of the ocellar triangle; frontalia distinct throughout, slightly widened 
anteriorly (fig. 4); vertical and ocellar bristles hair like, hardly distinguish¬ 
able; parafrentals with two or three rows of hairs outside the frontal row 
anteriorly; frontal row extending well below the anterior points of the 
frontalia; facialia bristled on the lowest third; vibrissae strong and well 
differentiated; cheek one-fifth to one-sixth eye height. Acrostichals 0.1, 
very weak; dorsocentrals 0.1; intralars 0.1, very weak; supraalars 1.1; 
lateral scutellars 2; sternopleurals 1. Male wings very broad basally, the 
costa strongly bulging; petiole of 5R one-fourth to three-eighths the length 
of the preceding section of Rs; cubitulus rounded; Mj joining R 5 at right 
angles; Ci generally not reaching the margin of the wing. Legs stout but 
femora not particularly enlarged; claws and pul villi of male very long. 
Abdomen broad and flattened in the male, less so in the female; abdominal 
hair short, semierect. Piercer narrow, slightly curved upwards; sheath 
shallow, also curved upwards, covering the piercer except at the tip. 

The North American species may be separated as follows: 

1. Wings whitish hyaline without brown markings; abdomen with a pronounced brassy 

tinge; length 6 mm. nitida (Coquillett) 

Wings pictured with brown or black. 2 

2. Abdomen greyish pollinose, the pK)llinosity at times quite thin; w'ings heavily patterned 

with brown or nearly clear. phasioides (Coquillett) 

Abdomen polished purple, at least in the central region. 3 

3. Anterior three-fourths of the wing very dark, the white marking in the cells very faint; 

wing markings black; length 7 mm. alaskensls n. sp. 

Anterior three-fourths of the wing with a definite pattern of white and brown, the central 

region of the cells strongly whitish; wing markings brownish; length 

4-6 mm... occidentalis n. sp. 

I 

Alophoropsis nitida (Cociuillett) 

Alophora nitida Coquillett, Rev. Tach., 45, 1897; type male, Virginia (U.S.N.M.). 

I have not seenfciis species and so can only repeat the original descrip¬ 
tion. It seems probable that this form and phasioides are the same, 
phasioides being quite variable with smaller specimens possessing nearly 
clear wings. 

“Males; black, the palpi yellow, abdomen with a pronounced brassy 
tinge, shining, thinly white pollinose; thorax when viewed from behind 
thinly white pollinose except the front end and two subdorsal vittae behind 
the. suture; eyes separate as widely as the posterior ocelli, calypteres 
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greyish white, wings whitish hyaline, base to tip of second basal cell yellow, 
costa strongly arcuate, last section of third vein nearly half as long as the 
preceding section; length 6 mm. Potomac Creek, Virginia. A single male 
specimen collected May 23, 1896 by C. W. Johnson.” 

Alophoropsis phasioides (Coquillctt) 

Alophora phasioides Coquillctt, Rev. Tach., 46, 1897; type male, Franconia, New Hamp¬ 
shire (U.S.N.M.). 

Male. Length 6-10 mm. Antennae black, the second segment 
obscurely red tipped; head greyish pollinose, the front generally with a 
yellowish or golden tinge; cheeks and occiput white haired; palpi yellow. 

Thorax black, thinly greyish pollinose; mesonotum with four darker 
vittae, the vittae narrow and well defined on the prescutum, very broad, 
short and only narrowly separated on the mesoscutum; pleural hair mostly 
black, humeral hair yellow. Wings very broad, the costa strongly bulging 
and the anal area enlarged (fig. 15); colour whitish, strongly marked along 
the veins with broad brown bands, the area just beyond the tip of Ri 
extending from the costa to the middle, of the discal cell having a tendency 
to be whitish, the brown vein markings in this area narrower, sometimes 
entirely lacking; veins yellow; squamae yellowish, the lower half of the 
front .scale white. Legs black, the front and hind femora with yellow hair 
posteriorly. 

Abdomen black, subshining, uniformly covered with thin greyish 
pollen or at times a somewhat darker median vitta present; abdominal 
hairs semierect, short and black dorsally, long, erect and yellow laterally 
and ventrally. 

Small specimens of the species tend to have the brown colouring of 
the wing more diffuse and fainter than the larger specimens. 

Distribution. Massachusetts (Melrose Hghds., June 11; Holliston, 
July 14); New Hampshire (Franconia); New York (Dix Hills, L.L, 
June 15); Ontario (Ottawa, July 14); Quebec (Aylmer, Oct. 5; Abbots¬ 
ford, Sept. 20; Rigaud, Oct. 11). 

Alophoropsis alaskensis n. sp. 

Male. Length 7 mm. Antennae and arista wholly black; front alia 
black; head entirely greyish pollinOvSe, the anterior half of the front some¬ 
what darker; cheeks and occiput with while hair; palpi yellow or brown. 

Thorax black, black haired, thinly greyish pollinose; mesonotum with 
four broad darker vittae, these narrower and separated in front of the 
suture but coalescing behind. Wings very broad, the costa strongly 
bulging and the anal area enlarged (fig. 14); colour whitish, strongly 
marked with black along the veins, yellowish at the base, the centre of 
cells 5R and IM a little lighter in colour, the anal area without dark mark¬ 
ings; veins black; squamae translucent, the upper scale whitish on its 
lower half. Legs black, the femora with black and yellow hair posteriorly. 

Abdomen dark, mostly shining purple in the central region; the seg¬ 
ments laterally, the posterior third of the third segment and the whole of 
the fourth and fifth segments with greyish pollen, the pollen very thin 
except at the margin of the abdomen; abdominal hairs semierect, long and 
black dorsally, yellowish ventrally. 
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Female. Wings narrow, entirely clear, yellowish at the base; veins 
mostly yellow; squamae white, a little yellowed laterally. Abdomen 
black; the first abdominal segment, a narrow median vitta on segments 
two and three and the extreme posterior margins of segments two and three 
without pollen, the rest of the abdomen thinly greyish pollinose, the pollen 
somewhat browner centrally; abdominal hair black, moderately long. 
Otherwise except for sexual characters similar to the male. 

Holotype. cf, Matanusta, Alaska, 27.8.1943; in the United States 
National Museum, Washington. 

Allotype. 9 , same data as type. 

Paratypes. 1 cf, 3 9 , same data as type. 

Alophoropsis occidentails n. sp. 

Male. Length 5-6 mm. Antennae black, the second segment some¬ 
what reddish apically; frontalia black to reddish; front, face, cheek and 
occiput greyish pollinose, the pollen without a yellowish shade. 

Thorax dark, thinly greyish pollinose; mesonotum with four darker 
vittae, the vittae narrow and separated on the prescutum except in front, 
very broad and confluent on the mesoscutum; pleura black haired. Wings 
very broad, the anal area enlarged and the costa bulging (fig. 16); colour 
whitish, strongly marked with brown along the veins, the centres of 5R 
and IM whitish; squamae white, the posterior scale with a faint brown 
mark centrally. Legs black, the femora with white hair posteriorly. 

Abdomen mostly shining purple, thinly greyish pollinose around the 
margin and at the apex; at times the pollinosity is quite extensive covering 
all but a small area of the abdomen centrally; abdominal hairs long, semi- 
erect, black dorsally, yellowish-white laterally and ventrally. 

Holotype. cf, White Mts., New Mexico, NFk Ruidoso, about 8200 
ft., on flowers of Solidago trinervata, 8-17 (Townsend); in the United States 
National Museum, Washington. 

Paratypes. 1 cT, same data as type, IcT, Vernon, B.C., 20.IX. 1918 
(M. K. Ruhmann) in Washington. 1 cT, Waterton, Alta., July 11, 1923 
(H. L. Seamans), 1 cT, Lethbridge, Alta., July 10, 1922 (H. L. Seamans) in 
the Canadian National Collection, Ottawa. There are also several broken 
specimens in the Canadian National Collection from the type locality. Slave 
Lake, Alta., Aug. 14, 1924; Mozart, Sask., Sept. 12, 1937; Brant, Alta., 
Aug. 5, 1929 and Bozeman, Mont., Sept. 8, 1916. 

Genus Oedematopteiyx Townsend 

1916 —Oedematopteryx Tov|Jjend, Proc. U.S. Natl. Mus., XLIX, 633; two species, including 
Alophofa pulverea Coquillett (1897), genotype by original designation; Townsend, 
Manual of Myiology VII, 60, 1938. 

Length 5-7 mm. Narrowed, abdomen heavily yellowish-grey pollinose; 
wings broadened in the male. Head one-third wider than high; flat front 
longer than the face; clypeus gently concave; epistoma as long as the 
clypeus, projecting, the oral margin axis slightly longer than the antennal 
axis; parafacials not scooped out, twice as wide as the flattened facialia, 
the two together three-fourths as wide as the distance between the vibrissae; 
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eyes separated by a distance slightly less than the width of the ocellar 
triangle; frontalia distinct, widened anteriorly; vertical and ocellar bristles 
hair like; parafrontals with two or three rows of hairs outside the frontal 
row anteriorly; facialia bristled on the lowest third to half; vibrissae well 
differentiated from the accessory vibrissae; cheek one-fifth to one-sixth 
eye height. Acrostichals 0 . 1 ; dorsocentrals 0.1 (l.l), the presutural 
when present very fine; intraalars 0 . 1 , very weak; supraalars 1 . 1 ; lateral 
scutellars 2 ; sternopleurals 1 . Male wings very broad, enlarged in the 
anal region, the costa bulging; petiole of 5R one-fourth the length of the 
preceding section of Rs; cubitulus a rounded right angle; Mi joining Rs 
nearly at right angles; Ci rarely reaching the margin of the wing. Legs 
stout but the femora not particularly enlarged. Abdomen rather narrow, 
flattened in the male, very heavily and uniformly covered with yellowish- 
grey pollen; abdominal hairs moderately long, semierect. 

The three North American species may be separated as follows: 

1. Wings strongly whitish, marked with brown. 2 

Wings clear or only slightly whitish, the brown colouring diffuse over the whole mem¬ 
brane although more concentrated along the veins and anteriorly; front with a 
strong yellowish or golden tinge to nearly grey. fumosa (Coquillett) 

2. Brown colouring along the veins very weak, usually confined to the anterior veins; 

front shining grey; squamae white. Western. opaca (Coquillett) 

Wings strongly marked with brown especially in the costal region; front usually with a 
golden or yellowish cast; squamae partly yellowish. Eastern. .. .pulverea (Coquillett) 

Oedematopteryx pulverea (Coquillett) 

Alophora pulverea Coquillett, Rev. Tach., 46, 1897; type male, Ontario (U.S.N.M.). 

Male, Length 6-7 mm. Antennae black or the second segment 
reddish; frontalia black; front grey, usually with a very strong golden or 
yellowish tinge, rarely silvery grey; face, cheeks and occiput silvery grey; 
palpi yellow. 

Thorax dark, lightly grey pollinose; mesonotum showing four darker 
vittae, the vittae joined together anteriorly, separated posteriorly, the 
darker markings of the prescutum bordered with greyish pollen next the 
suture; on the mesoscutum the vittae are very broad, not separated, the 
central pair short; humeri and the anterior part of the mesopleura with 
yellow hair, a few hairs on the sternopleura also yellow. Wings very 
broad, the costa excessively bulging (fig. 19); colour strongly whitish with 
broad brown markings along the veins, this brown marking being very 
distinct in the costal and subcostal cells, along R 2 , R 3 and Rs and at the 
apex; veins yellow (this wing pattern is very variable, some specimens 
having nearly clear wings with only faint brown markings, other specimens 
having the brown bands bordering all the veins); squamae white with a 
yellow tinge centrally and on the upper scale. Legs black, femora with 
yellow or white hair behind. 

Abdomen covered with heavy, opaque, yellowish-grey pollen with 
traces of a narrow vitta on segment one; abdominal hairs black on the 
dorsum, long, erect and yellow laterally and ventrally. 

Distribution. Connecticut (Colebrook, July 11 ); Iillinois: Indiana 
(LaFayette, June 1 -Oct. 19); Maryland (Grove Hill, Oct. 30; College 
Park, Oct. 30); Massachusetts (Amherst, June 18; Melrose Hghds., 
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June IS-^Aug. 18; Jaunton, Sept.; Agawam, Oct. 27; North Saugus, July 
2); New Brunswick (Barber, June 23“Aug. 3; Fredericton, Aug. 2); 
New Hampshire (Base Mt. Wash., Sept. 3; Kinsman Notch, July 7); 
New Jersey (Del. W. Gap, July 12); Ontario (Lake Abitibi, July 19-Aug. 
12; Brockville, Oct.; Simcoe, June 3); Pennsylvania (Hazelton, Sept. 
28); Quebec (Montreal, Oct. 13; Hull, Sept. 25; Aylmer, Sept. 28-Oct. 5; 
Knowlton, Aug. 6; Ladysmith, Aug. 6; Clarenceville, July 16); Virginia 
(Falls Church, Sept. 20); Wisconsin Milwaukee, Oct. 1). 

Oedematopteryx opaca (Coquillett) 

Alophora opaca Coquillett, Rev. Tach., 44, 1897; type male, Eastern Washington 
(U.S.N.M.). 

Male. Length 5-6 mm. Antennae black; front, face, cheeks and 
occiput wholly silvery grey pollinose. Thorax dark, coloured as in pulverea. 
Wings broad, the costa bulging (fig. 17); colour whitish, faintly brown in 
the costal cell and at the apex; squamae white, slightly yellowish on the 
border. Legs black, the femora with white or yellow hair posteriorly. 
Abdomen uniformly and heavily yellowish-grey pollinose, the anterior half 
of the first segment and a narrow vitta on the first segment dark. 

Distribution. Alberta (Waterton, July 14); British Columbia 
(Vernon, Sept. 9; Trinity Valley, July 27); Washington. 

Oedematopteryx fumosa (Coquillett) 

Alophora fumosa Coquillett, Rev. Tach., 46, 1897; type male, New Jersey (U.S.N.M.). 
Oedematopteryx fumosa (Coq,), Townsend, Proc. U. S. Natl. Miis., XHX, 633, 1916. 

Male. Length 4.5-6 mm. Antennae black; front greyish to strongly 
golden pollinose; face, cheeks and occiput grey. Thorax dark, coloured 
as in pulverea. Wings broad, the costa bulging but not strongly so (fig. 18); 
colour clear or very slightly whitish posteriorly, the brown colouring diffused 
over the whole membrane, making the wings comparatively dark, the 
costal region and veins more heavily bordered with brown; squamae white, 
brownish or yellow in the central region. Legs, black, the femora with 
yellow or white hair posteriorly. Abdomen uniformly yellowish-grey 
pollinose with evidence of a dark vitta on segment one. 

Distribution, Illinois (Douglas, May 11); NeW' Mexico (White 
Mts., Aug. 17); New York (Wilmington Notch, July 1; Geneva, ex Lygus 
caryae)\ Ontario (Ottawa, Aug. 14; Simcoe, May 29-July 3; Orillia, 
June 10; Jordan, July 8); Virginia (Potomac Creek, May'23; Falls 
Church, May 3-June 18). 

Genus Euphorantha Townsend 

1915— Euphorantha Towns^ftl, Proc. Biol. Soc. Wash., XXVIII, 20; one spfecies as Alophora 
diversa Cocjuillctt (1897); Townsend, Manual of Myiology VII, 52, 1938. 

Length 6-12 mm. Rather narrow; abdomen thinly pollinose; wings 
narrow, not whitish. Head one-third wider than high; flat front longer 
than the short face; epistoma long and warped, the antennal and oral 
margin axes equal; parafacials not scooped out, slightly wider than the 
flat faciaiia,‘.the two together four-fifths as wide as the distance between the 
vibrissae; eyes narrowly separafed by a distance slightly less than the 
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width of the ocellar trianj^le in the male, very narrowly separated in the 
female; frontalia distinct throughout although very narrowly so in the 
female; vertical and ocellar bristles present but fine; two or three rows of 
hairs outside the frontal row anteriorly; frontal bristles and hair strips 
extending w'ell below the anterior points of the frontalia; vibrissae strong 
but not well differentiated from the accessory vibrissae; facialia bristled 
one-third to one-half way. Acrostichals 0.1; dorsocentrals 1.1 (1.2), the 
anterior fine; intraalars 0.1; supraalars 1.1; lateral vscutellars 2; sterno- 
pleurals 1, occasionally 2; pleural hair black. Wings not widened, not 
whitish or having the veins margined with brown; petiole of 5R one-fourth 
to one-fifth as long as the preceding section of Rr,; cubitulus broadly 
rounded; Mi joining Rr, at a slight acute angle; Ci reaching the margin 
of the wing. Legs normal, femora not particularly enlarged. Abdomen 
about as wide as the thorax, wholly pollinose; sternites all well formed; 
piercer moderately broad, curved dorsally; sheath shallow and broad, 
about as long as the preceding sternite, slightly curved dorsally. 

The two North American species may be separated as follows: 

Length 9-12 mm. Abdomen uniformly greyish-brown or greyish pollinose, somewhat 
darker on the median line and on the posterior edges of the segments; piercer sheath 
very heavy, boat shaped with a blunt tip. diversa (Coquillett) 

Length 6-7 mm. Abdomen greyish-white pollinose, the posterior third to half of the 
intermediate st'gments brownish, the banded effect being quite conspicuous in the 
male; piercer sheath narrow, very shallow, the tip pointed. subopaca (Co(iuillett) 

Euphorantha diversa (Coquillett) 

Alophora diversa Coquillett, Rev. Tach., 45, 1897; type female, Massachusetts (U.S.N.M.). 

Male. Length 10-12 mm. Antennae and arista black; frontalia 
black; palpi yellow; parafrontals heavily golden pollinose, the facialia 
golden next the vibri.ssae; face, cheeks and occiput silvery-grey, the cheeks 
with white hair. 

Thorax dark, thinly grey pollinose; mesonotum with four broad, 
darker vittae, the vittae narrower and distinct on the prescutum, very 
broad and only narrowly separated on the anterior half of the mesoscutum; 
pleural hair black. Wings not whitish, hyaline, heavily coloured with 
brown especially on the anterior half and in the central region (fig. 20); 
squamae dark brown, the upper scale whitish on its lower half. Legs 
black; femora with some short white hair posteriorly. 

Abdomen black, mOvStly opaquely greyish or yellowish-grey pollinose, 
the fourth segment generally moi^* yellowish than the intermediate seg¬ 
ments; first segment shining; a very narrow median vitta and the posterior 
edges of the intermediate segments subshining; abdominal hairs semierect, 
black on the dorsum and laterally, yellowish ventrally. 

Female. Length 9-10 mm. Front silvery-grey or yellowish-grey poll- 
inose. Wings entirely clear; veins yellow; squamae pale yellow. Abdomen 
black, the posterior segments heavily grey pollinose; first segment, a 
narrow median vitta and the posterior margin of segment two subshining. 
Piercer sheath particularly stout, boat shaped with a blunt tip. Otherwise 
as in the male. 
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Distribution. District of Columbia (Washington, Oct. 14; George- 
ton, Oct.); Georgia (Stone Mt., Nov. 17); Illinois (Alto Pass, May 5; 
Makanda, Oct. 6); Indiana (LaFayette, Oct. 9); Maryland (Grove Hill, 
Oct. 30; Glen Echo, Oct. 22); Massachusetts (Beverley, Oct. 11; Read¬ 
ing, Sept. 30); Mississippi (Agr. Col., April); New York (Oswego, Oct. 
4); Ohio (Cincinnati, Sept. 25); Ontario (Jordan, Sept. 20; Apple Hill, 
Oct. 4); Pennsylvania (Hazelton, Sept. 20); Quebec (Aylmer, Sept. 28; 
Hull, Aug. 26; Abbotsford, Sept. 20); Texas (College Station, Oct. 29); 
Virginia (4-mile Run, Oct. 11; Great Falls, Oct. 23). 

Euphorantha subopaca (Coquillctt) 

Alophora subopaca Coquillett, Rev. Tach., 47,1897; type male, Woodbury, N.J. (U.S.N.M.) 
Euphorantha subopaca (Coq.), Townsend, Manual of Myiology VII, 53, 1938. 

Male. Length 5-7 mm. Antennae and arista black; front heavily 
golden or yellowish pollinose; face, cheeks and occiput grey. 

Mesonotum mostly subshining black, the grey pollen very thin; vittae 
as in diversa but very ill-defined; pleural hair black. Wing not whitish, 
almost uniformly brown, sometimes with the central region darker (fig. 21); 
squamae dark brown. Legs black, the femora with black hair. 

Abdomen black, mostly greyish-white pollinose; first segment, a 
narrow median vitta and the posterior edges of the intermediate segments 
without pollen; intermediate segments with a broad band of brownish 
pollen on the posterior half of each segment; abdominal hairs erect, fine, 
wholly black. 

Female. The females average slightly smaller than the males; front 
greyish or yellowish-grey pollinose; wings entirely clear, veins yellow; 
squamae white or yellowed in the central region. Abdomen mostly greyish- 
white pollinose, the first segment and a narrow median vitta without pollen; 
posterior third of intermediate segments each with a brown pollinose band; 
piercer sheath very narrow and shallow, with a pointed tip; otherwise as 
in the male. 

Distribution. District of Columbia (Tennallytown, Oct. 27); 
Illinois (White Heath, May 9; Douglas, May 9; Savannah, June 14); 
Indiana (Elkhart; LaFayette, Oct. 19); Maine (Bar Harbour, Aug. 2); 
Maryland (Chesapeake Beach, Sept. 17-25; Lakeland, Sept. 6; Grove 
Hill, Oct. 30; New Bedford); Massachusetts (Milton; Waquoit, Sept. 
21; Wellesley, Oct. Ir Holliston, Oct. 6); New Brunswick (Douglas, 
Aug. 17); New Jersey (Riverton, Oct. 12-20; Westville, May 19); New 
York (Ithaca, July 31); Ontario (Ottawa, June 10; Jordan, July 11); 
Pennsylvania (Manayunk; Montg. Co., July 4); Quebec (Aylmer, Oct. 
5; Norway Bay, Aug. 24); South Carolina (Clemson, Oct. 11); Virginia 
(Mt. Vernon, Sept^ifO; Roselyn, May 1; 4-mile Run, Oct. 11; Potomac 
Creek, May 23); Wisconsin (Milwaukee; Chicago, May 8-Sept. 7). 

Genus Alophorella Townsend 

1912 —Alophorella Townsend, Proc. Ent. Soc. Wash., XIV, 45; one species as Thereva obesa 
Fabricius (1798); Townsend, Manual of Myiology VII, 36, 1938. 

European systematists have had considerable difficulty in coming to 
an agreement on the identity of obesa Fab. Girschner (3) divided the 
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species into four varieties— ohesa Fab. (as obesa umbripennis Girschn.), 
nervosa Meig. (as obesa nebulosa Girschn.), nebulosa Panz. (as obesa fasci- 
pennis Girschn.) and violacea Meig. (as obesa latipennis Girschn.). The 
variation attributed to these so-called varieties corresponds closely to the 
diversity shown by the three genera Euphorantha, Alophoropsis and 
Alophorella of this paper. 

It is evident also from Townsend’s descriptions of Alophorella (9) that 
he had no very definite picture of obesa when the genus was erected; in his 
keys Alophorella is described with “male wings normal” while in the text 
“wings short and broad, normally in the male with anal angle much enlarged 
and costa bulging on the prestigma.” Because of the variation in European 
determinations of obesa and the inconsistencies in Townsend’s generic 
descriptions a somewhat arbitrary stand has been taken in applying the 
concept of Alophorella to llyalomyia aeneoventris and allies which includes 
the European variety obesa nebulosa Panz. 

For the purpose of this summary the following limit is placed on the 
genus; 

Length 3-6 mm. Black, the abdomen shining or subshining brownish 
or purplish at least in the central region; wings narrow or slightly widened, 
not whitish, clear or stained with brown, the staining not following the 
veins. Head one-third wider than high; fiat front longer than the face; 
epistoma long and warped forward, the antennal and oral margin axes 
about equal; parafacials not scooped out, the facialia plus the parafacialia 
about three-fourths as wide as the distance between the vibrissae; eyes 
narrowly separated, the frontalia distinct throughout; vertical and ocellar 
bristles distinct although fine; front with two or three rows of hairs outside 
the frontal row anteriorly; vibrissae strong, generally distinct and larger 
than the accessory vibrissae. Thoracic chaetotaxy as in Euphorantha. 
Wings usually not widened, but in some specimens with an arcuate costa 
and slightly enlarged anal area; colour clear or brown stained; petiole of 
5R about one-third the length of the preceding section of Rs; Ci reaching 
the margin of the wing. Abdomen oval, shining brownish or purplish in 
the central region or with very light brownish pollen in this region. Piercer 
narrow, curved up; sheath narrow, long triangular, about twice as long 
as the preceding sternite. 

In North America two species of Alophorella occur. Both of these are 
highly variable, containing specimens in which the male wings are either 
wide or narrow, stained or clear. 

Male abdomen highly polished purple, at least centrally; squamae white; front silvery 
grey. polita n. sp. 

Male abdomen thinly greyish or brownish pollinose, subshining centrally; squamae 
generally brownish or with a yellow tinge; front golden, brownish or yellowish- 
grey. aeneoventris (Williston) 


Alophorella polita n. sp. 

Male, Length 4-6 mm. Antennae and arista black, the second an¬ 
tennal segment somewhat reddish; frontalia velvety black; front, face, 
cheeks and occiput greyish pollinose, the front somewhat darker in colour; 
cheeks and occiput white haired; palpi long, yellow. 
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Thorax dark, thinly greyish pollinose; mesonotum with four darker 
vittae, the vittae on the prescutum narrow and separated except in front, 
very broad and only narrowly separated on the mesoscutum, the central 
pair short; scutellum subshining; pleural hair black. Wing narrow, the 
costa slightly arcuate and the anal area somewhat enlarged (fig. 24); colour 
clear with a brownish stain in the costal cells and extending in a triangular¬ 
shaped stain from the tip of Ri to the posterior cross vein; squamae white. 
Legs black, the femora with some white hair posteriorly. 

Abdomen mostly shining purple, thinly greyish pollinose around the 
margin and over the apex; abdominal hair semierect, black on the dorsum, 
yellow on the venter. 

Female, Head and thorax coloured as in the male. Wing narrow, 
wholly clear without brown markings; veins yellow; squamae white. 
Abdomen black, thinly pollinose over the posterior three segments, the 
pollen of segments two and three very thin, subshining brownish centrally, 
greyish laterally; segment four greyish pollinose, the pollen thinner 
centrally. Otherwise except for sexual differences as in the male. 

Holotype. cf, White Mts., New Mexico, NFk Ruidoso, about 8200 ft. 
on flower of Solidago trinervata, 8.17 (Townsend): in the United States 
National Museum, Washington. 

Allotype. 9 , same data as type. 

Paratypes, S d^, 3 9, same data as type, 3 9, White Mts., New 
Mexico, 8.20 (Townsend), 1 9 , White Mts., New Mexico, 8.3 (Townsend), 
1 cf, 1 9 , Moscow, Idaho (Aldrich), 1 c?, Lewiston, Idaho (Aldrich), 1 9 , 
Minot, N.D., June 18, 1918 (J. M. Aldrich), 1 d^, Colorado Springs, Colo., 
July (Townsend), 2 d^. University of Colorado, Boulder, Colo., Oct. 2, 
1917 and Oct. 1, 1919, 1 d^, Edmonton, Alta., 27.VII. 1925 (O. Bryant) 
in the U.S.N.M., Washington. 1 cf, 1 9 , Tahique, New Mexico, 25.VI.41 
(E. L. Todd), 1 cf, 1 9, Boulder, Colo., 3.VI. 1932 (M. T. James) in 
Reinhardts collection. College Station, Texas. 1 cd’, Gallatin Co., Mont., 
July 28, 1913 (H. E. Smith) in the M.C.Z., Cambridge. 1 cd. Set on Lake, 
Lillooet, B.C., 4.VI. 1926 (J. McDunnough), 1 cd, Vernon, B.C., Aug. 12, 
1917 (M. H. Ruhmann), 1 9, Slave Lake, Alta., Aug. 15, 1924 (Bryant), 
1 cd, Mont. Exp. Stat., Bozeman, Montana, July 1, 1916; 1 9 Gallatin 
Co., Montana, Aug. 1, 1917, 1 cf, Lethbridge, Alta., June 18, 1926 (H. L. 
Seamans) in the Canadian National Collection, Ottawa. 

f 

Alophorella aeneoventris (Williston) 

Hyalomyia aeneoventris Williston, Trans. Ent. Soc. Amer., XIII, 286, 1886; type male, 
Washington (Kysas ?). 

Hyalomyia robertsonn Townsend, Proc. Ent. Soc. Wash., II, 136, 1891; type female, 
Illinois (Kansas); Robertson, Can. Ent., XXXIII, 285, 1901, synonymy. 

Phasia brevineura West, Jour. N.Y. Ent. Soc., XXXIII, 123, 1925; type male, Ithaca, 
New York (Cornell): New Synonymy. 

Phasia furva West, Jour. N.Y. Ent. Soc., XXXIII, 123, 1925; type female, Truro, Nova 
Scotia (Cornell): New Synonymy. 

This well known specie^ occurs over most of the continent in two rather 
poorly characterized geographical subspecies or races. 
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Alophorella aeneoventris aeneoventris (Williston). 

Male, Length 6-7 mm. Antennae and arista black; frontalia black; 
parafrontals dark grey pollinose, sometimes slightly yellowish; face, cheeks 
and occiput silvery grey, the cheeks with white hairs; palpi yellow. 

Thorax dark, lightly grey pollinose; mesonotum with four darker 
vittae which are narrower and more widely separated on the prescutum but 
very wide, confluent or very narrowly separated behind the suture, the 
central pair short; scutellum brownish, grey at the .sides. Wings broad¬ 
ened, the anal area somewhat enlarged and the costa arcuate (fig. 22); 
colour clear, strongly marked with brown in the costal region and centrally, 
often with a very distinct central brown band; squamae white, brownish 
or yellowish in the central region. Legs black, the femora with some white 
hair posteriorly. 

Abdomen subshining brownish, the pollen of the central region very 
thin, only evident when the specimen is viewed from behind, the lateral 
margins of segments two and three and the whole of segment four and 
five with conspicuous grey pollen; abdominal hair wholly black, semierect. 

Female, Wings narrow, clear with yellow veins; squamae translucent. 
Abdomen black, greyish and brownish pollinose, the brownish pollen of the 
central regions of segments two and three and along the posterior margins 
of these segments very thin, only evident when the abdomen is viewed 
from behind; lateral margins of segments two and three and the whole of 
segment four covered with greyish pollen; otherwise except for sexual 
differences as in the male. 

Distribution, Alberta (Evansburg, June 30); British Columbia 
(Victoria, Oct. 10; Royal Oak, Sept. 13; Vernon, Sept. 10; Carson, Sept. 
15); Washington (Spanaway, July 2). 

Alophorella aeneoventris rohertsonii (Townsend)— 

This form is the commonest Phasiine in the fi.astern part of the con¬ 
tinent and probably the most variable. 

Male, Length 3-6 mm. Antennae black, the .second segment some¬ 
times brownish or reddish apically; frontalia black; front greyish-yellow, 
brownish or golden pollen; face, cheeks and occiput silvery grey, the 
cheeks with white hair; palpi yellow. 

Thorax as in aeneoventris aeneoventris, the greyish pollen somewhat 
more distinct than in that form. Wings narrow, the anal area not enlarged 
and the costa straight or very slightly arcuate (fig. 23); colour clear, the 
wings of the larger specimens stained with dark brown in the costal cells 
and with a brown streak across the centre, those of the smaller specimens 
nearly or quite clear, the brown stains obsolete; squamae generally dark 
brown or yellowish, the lower half of the front scale white. Legs black, 
the femora with some white hair posteriorly. 

Abdomen black, the posterior three segments covered with very thin 
brownish and greyish pollen which is only evident when the specimen is 
viewed from behind, the pollen of the central region brownish, subshining, 
that on the lateral margins and at the apex bluish-grey. 
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Female, Front silvery-grey to yellowish-grey; legs wholly black 
haired; wings narrow, entirely clear; veins yellow; squamae white with a 
yellowish or darker area in the centre; abdomen mostly as in the male 
but the pollen heavier. 

Distribution. Alberta (Lethbridge; Slave Lake, Aug. IS; Wabamun, 
July 2-5); British Columbia (Trinity Valley, July 25); California 
(Carmel, May 21); Colorado (North Park, July); District of Columbia: 
Idaho (Moscow, July 31-Sept. 1); Illinois (Urbana, Sept. 26; Odin, 
May 28; Pulaski, June 2; Monticello, June 28); Indiana (LaFayette, 
May 1-Oct. 27; Shelby, May 24; S. Wanatch, June 1; Attica, Oct. 7); 
Manitoba (Teulon, Sept. 22); Maryland (College Park, Oct. 30; Belts- 
ville, July 7; Grove Hill, Oct. 30-Nov. 2; Chesapeake Beach, Sept. 9); 
Massachusetts (Mclrovse Hghds., July 7~Oct. 16; Holliston, June 1-July 
17; Reading, Sept. 24; Tyngsboro, Sept. 25; Lexington, July; N. Andover, 
Sept. 25; Agawam, Oct. 10; N. Saugus, July 30; Wellesley, Aug. 15; 
Chicopee, July 8; M t. Holyoke Gap, Sept. 17); New Brunswick (Frederic¬ 
ton, July 10; McGivney, July 12); New Hampshire (Jackson, Sept. 25; 
Alstead, Aug. 5; White Mts.; Franconia, Aug. 6; Base Mt. Wash., Aug. 
27-Sept. 1; Noxon (^amp, July 5; Kinsman Notch, July 7); New Jersey 
(Riverton, Sept. 20-Oct. 10; Clementon, June 8; Ramsay, May 16); 
New York (Ithaca, Aug, 25-Sept. 19; McLean Res., Aug. 24-Sept. 24; 
Atwater, July 16; Honoeys Falls, July 11 Aug. 18; Wilmington Notch, 
Aug. 1); North Carolina (Black Mts., May); Nova Scotia (Kings 
County, Aug. 10); Ontario (Ottawa, April 8-Oct. 18; Jordan, July 14- 
Sept. 20; Fitzroy, July 25; Simcoe, May 28-June 29; Gananoque, July 9; 
Lake Abitibi, July 3-25); Pennsylvania (Clarks Val., June 28); Quebec 
(Aylmer, June 13-Sept. 28; Hull, Sept. 20; Laniel, July 24; Norway Bay, 
Aug. 25; Montreal, Sept, 8; Abbotsford, June 18-Sept. 6); Vermont 
(Rutland, Aug. 1-15; (Chittenden, Aug. 1-15); Virginia (Potomac Creek, 
May 25; Falls Church, May 3-Sept. 20; Glencarlyn, May 20; Louisa, 
Oct. 16; Great Falls, Oct. 23; Chain Bridge, Oct. 3); Washington 
(Spanaway, June 30-July 3); Wisconsin (Milwaukee, Aug.). 

DIVISION V—Hyalomya and allies 

This entire division plus members of the genus Paraphasia (Division 
II) were placed in the genus Phorantha by Coquillett; all but one of the 
species were placed as synonyms of occidentis Wlk. This lumping has 
caused sad confusion in the subsequent determinatiorjs of the various 
species and in the host records attributed to occidentis. 

The genus Phorantha Rondani (genotype Conops subcoleoptrata Linne) 
and the genus Hyalomya R-Desvoidy (genotype Phasia pusilla Meigen) in 
their restricteckfcnses have not been recorded from North America. 

Genus Phoranthella Townsend 

1915 —Phoranthella Townsend, Pr. Biol. Soc. Wash., XXVIII, 23; one species as P. 

morrisoni Townsend (1915): Townsend, Manual of Myiology VII, 68, 1938. 

Length 4-5 mm. Robust, short with clear narrow wings and thinly 
pollinose abdomen. Head wider than high; nearly flat front longer than 
the concave face; epistoma long, well warped forward, the oral margin 
axis slightly longer than the antennal axis; eyes very narrowly separated, 
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the frontalia pinched out in fiont of the ocelli 2); parafacials slightly 
wider than the facialia, the two together being five-sixths as wide as the 
distance between the vibrissacs vibrissae strong, but not well differentiated 
from the accessory vibrissae; frontal bristles extending two or three below 
the lower point of the frontalia, in one row; vertical bristles absent or 
hardly differentiated; ocellar bristles weak or absent, somewhat stronger 
in the female; palpi as long as the antennae, enlarged a{)ically; cheek one- 
sixth eye height. 

Acrostichals 0.1; dorsocentrals 0.1 (l.l); intraalars 0.0; supraalars 
0.1; lateral scutellars 2; sternopleurals 1 (rarely 2). Wings narrow, 
pointed, clear, longer than the abdomen (fig. 26); petiole of 5R half as 
long as the preceding section of Rr,; cubitulus broadly rounded; M;^ mid¬ 
way; squamae very broad. Legs stout, ftanora ('iilarged; claws and 
pulvilli very long in the male; hind tibia short and curved, three-fourths 
to four-fifths as long as the hind femur; bristles long and stout; hind femora 
with two or three very stout preapical spines antero-dorsally, these spines 
about as long as the width of the femur where situated; hind tibia with two 
or three long, stout anterodonsals and two posterodorsals; mid tibia with a 
stout anteroventral and a shorter anterodorsal and posterodorsal. 

Abdomen short and pointed; abdominal hairs erect, moderately dense; 
female sternites strongly drawn together and humped, the third sternite 
obsolete, the sixth sternite very large; .sheath broad, curved ventrally; 
piercer narrow with a hooked tip, curved dorsally. 

Phoranthclla morrisoni Townsend 

1 Hyalotnyia pundigera 'I'ownsend, Proc. Ent. Soc. Wash., II, 135, 1891; type male, Dixie 
Landing, Va. (Kansa.s ?). 

Phoranthella morrisoni Townsend, Proc. Hiol. Soc. Wash., XXVIII, 23, 1915; Manual of 
Myiology VII, 68, 1938; type female, Georgia (U.S.N.M.). 

The type of puncti^era could not be located but the description fits 
this species better than any other. F, morrisojii TT. was erected for a 
specimen determined by ('oquillett as Phorimtha occidentis (Wlk.) but it 
remained undescribed until 1938. 

Male. Antennae and arista black; frontalia black; front, face, 
cheeks and occiput silvery grey; cheeks white haired; palpi dark brown or 
black; two or three acce.ssory vibrissae about as long as the vibrissae 
present. 

Thoriix dark ; humeri, lateral liii^' and pleura grey pollinose; mesonotum 
and scutellum shining or subshining black, the mesonotum sometimes 
faintly grey pollinose in front of the scutellum; pleural hairs black. Wings 
clear or fumose basally; veins yellow; squamae white, yellowivsh centrally. 
Legs wholly black; pulvilli grey. ^ 

Abdomen black, greyish pollinose centrally on the first segment, 
posteriorly on the second and on the whole of segments three, four and five; 
most of the first segment and a triangular spot on segments two to four 
dark; abdominal hairs dense, erect, black, each hair set in a shining non- 
polHnose black spot. 
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Female. Slightly smaller than the male; a row of five or six stout 
bristles on the oral margin next to the vibrissae present, each as stout as 
the vibrissae; mesonotum more distinctly pollinose than in the male with 
distinct vittae on the prescutum. Wings clear; squamae white; otherwise 
coloured as in the male. 

Distribution. Arizona (Palmerlee, May); District of Columbia 
(Kastern Branch, Oct. 22); Idaho (Moscow, Sept. 1; Boise); Illinois 
(DuBois, Aug. 9; Algonquin, Oct. 8; Mason C'ity, June 5); Indiana 
(LaFayette, Oct. 19); Maryland (Beltsville, May 28; Grove Hill, Nov. 
2); Massachusetts (N. Andover, July 16; Melrose Hghds., July 14; 
Cohosset, Aug. 19); Nevada (Ormsby Co., July 6); New Jersey (Malagra, 
July 2); New Mexico (Las ('ruces, Aug. 31); Texas (College Station, 
May-Nov. 12; Austin, Oct. 7; Dallas, April 19, Neuscest, April 25); 
Virginia (Mt. Vernon, Oct. 30; Potomac Creek, May 23). 

(iiMius Alophorellopsis Townsend 

1926 —Alophorellopsis 'Townsond, (jon. Muse. Hum. Trop. Am. 209; one species as A. 
capitata Townsend (l.c., 284, 1926- Brazil); Manual of Myiology VII, 36, 1938. 

The genotype capitata differs from the two North American species 
included in the genus in several respects, chief of which include the broad 
triangular wings in the female which are broadened as in the males of the 
other species; a very narrow front, the minimum width being less than 
the diameter of an ocellus; the presence of a small seta at the base of the 
third vein; a .somewhat different arrangement of the scutellar bristles; the 
extensively pollinose abdomen. 

The following generic descrijition is taken from the two North American 
species which are tentatively referred here. 

Length mm. Narrowed, black; male wings whitish, the anal 
area enlarged; abdomen generally lightly pollinose with shining spots. 
Head wider than high, more or less semicircular in profile; the flat front 
longer than the face; epistonia strongly warped forward; parafacials 
slightly wider than the facialia, the two together about as wide as the 
distance between the vibrissae; eyes separated by a distance equal to 
three-fourths the width of the ocellar triangle, the frontalia obsolete on 
the posterior half; ocellar and vertical bristles differentiated, often weak; 
frontal bristles stopping near the anterior points of the frontalia, in one 
row; vibrissae differentiated in the male but not in the female; palpi short, 
somewhat enlarged apically, 

Acrostichals 0.1; dorsoccntrals 1.1; intraalars 0.1; supraalars 1.1; 
lateral scutellars 2; sternopleurals 1. Wings enlarged in the anal area, the 
costa straight or arcuate; petiole of 5R nearly half as long as the preceding 
section of Rb] cubitulus broadly rounded. Legs stout, the hind tibiae 
of the male somewhat shorter than the hind femora; claws and pulvilli of 
the male long^A 

Abdomen short and rounded to elliptical, black, generally lightly 
pollinose with distinct shining spots; piercer narrow, curved up; sheath 
closely appressed to the piercer, also curved up. 

The two North American species may be separated as follows: 

Male wings with strongly arcuate or bulging costa; abdomen wholly.pollinose, without 

conspicuous shining spots. argentifrons n. sp. 

Male wings with straight costa^ enlarged only in the anal area; abdomen shining or with 

conspicuous spots. purpurascens (Townsend) 
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Alophorellopsis argentifrons n. sp. 

Male. Length 6 mm. Head wholly bright silvery pollinose; frontalia 
deep velvety black; arista ringed with brown above the swelling; palpi 
brown. 

Thorax black, thinly greyish pollinose; prescutum with two narrow 
shining vittae in the acrostichal rows and a broader lateral vitta on each 
side. Legs shining black. V^'ings very broad ac'ross the base, the anal 
area enlarged and the costa arcuate (fig. 27); colour whitish, with all the 
veins except the anal broadly bordered wdth brown so that the whole 
anterior half of the wing appears coloured, the centres of the cells some¬ 
what lighter; Ci not reaching the posterior wing margin; squamae largely 
white, the lower lobe broadly bordered w«th brown. 

Abdomen subsliining brownish purple, broadly fiollinose laterally on 
segments one and two with silvery pollen; segnunits three and four wTolly 
yellow ish-grey pollinose. Abdomen narnnv and rather long. 

ITolofype. c/', Olivor, B.C'., 28.VI. 1023 (C. B. (iarrett): No. 5502 in 
the Canadian National Collection, Ottawa. 

Alophorellopsis purpurascens ( Pow naend) 

Ilyalomyia purpurascens 'rownscncl, Proc. luit. Soc. Wash., II, 137, 1891; type female, 
Illinois (U.S.N.M.). 

Phornntha calyptratn Cofiuillctt, Rev. Tach., 44, 1897; typ)e male O.C. (IJ.S.N.M.): New 
Synonymy. 

Phorantlm hunieralis Robertson, Can. Ent., XXXIII, 286, 1901; type male, Carlinville, 
Illinois (Illinois). New Synonymy. 

Male. Length 2.5 mm. Antennae black; front, face, cheeks and 
occiput silvery-grey; palpi dark bnnvn. 

Thorax dark, the mesonotum thinly brownish-grey pollinose; pres¬ 
cutum marked with a broad V or VV-shaped marking formed from the 
coalescing of the central vittae; on the mesonotum the central vittae are 
very broad and joined, .short, the lateral vittae continuous with the lateral 
vittae of the prescutum; pleural hair black. Wings distinctly whitish 
except in very small spiecimens which have nearly clear wdngs; anal area 
enlarged, costa straight (fig. 28); colour typically wdiitish wdlh browm 
markings along the veins, these markings sometimes nearly as extensive as in 
argentifrons, but usually only the anterior basal region so marked, sometimes 
the wings practically without brown; squamae wdiolly deep velvety black 
or with a central white region. Legs black. 

Abdomen mostly shining brownish-green to purplish, thinly greyish 
pollinose laterally and on the apical segments, each hair with a conspicuous 
shining spot at the base; at times how^ever, the abdomen is wholly shining 
black without pollen while at others the black shining spots are reduced; 
abdominal hair long, erect and black. 

Female. Head similar to the male. Thorax black, the mesonotum 
more distinctly grey pollinose than in the male, the vittae narrower. Wings 
moderately wide, whitish, without brown markings; squamae white, a little 
yellowed on the edges. Abdomen black, the posterior three segments and 
a central spot on segment one covered with shining grey pollen, each hair 
with a black basal spot which is somewhat smaller than those of the male. 



676 


SCIENTIFIC AGRICULTURE 


[Vol. 25 


Distribution. District of Columbia (Eastern Branch, Sept. 22); 
Georgia (Peach Co., May 29, ex Sehirus cinctus P. deB.); Idaho (Moscow, 
July 12 -Aug. 21 ); Illinois (Peoria, May 20 , Algonquin, Aug. 16; Mason 
City; Urbana, June 18; Champaign, July 14; Anna, May 17); Indiana 
(LaFayette, June 21 -Oct. 23; Logansport, Aug.); Maryland (Plummers 
Is., June 7); Mexico; Mississippi (Agr. Coll., May 5; vStarkville, June 9); 
New Mexico (Sororro, Rio Beneto, Las Cruces); North Carolina 
(Raleigh, June 12 ); Ontario (Jordan, July 17; Filzroy, July 25); Quebec 
(Lanquare, July 21 ); Tennessee (Nashville, Nov. 5); Texas (College 
Station, Sept. 11; Victor, Oct.); Virginia (Falls Church, Sept. IT-Nov. 
13); Washington (Spokane, June). 

In this species small specimens tend to have a narrower, clearer wing 
and less pollinosity on the abdomen than do the larger specimens. In the 
series examined for this study, very small specimens with narrow, nearly 
clear wings and shining black abdomen were particularly common in the 
north west (Washington), medium sized specimens with narrow, whitish 
wings and slightly pollinose abdomen formed the major constituent of the 
species in the central states while the large specimens with broad, white 
and brown wings and more heavily pollinose abdomen were commoner in 
the East. Both the large and medium sized specimens were found through¬ 
out the range but only in the Washington series are there any very small, 
shining black forms. The intergradation, however, is very complete and 
no characters could be found that would suggest varieties or sub.species. 

Genus Hyalomyiopsis n. gen. 

Genotype. Hyalomyia aldrichi Townsend, Proc. Ent. Soc, Wash., II, 136, 1891. 

Length 2.5-6 mm. Black; wings narrow, hyaline; abdomen thickly 
covered with grey pollen. Head nearly round when viewed from in front, 
slightly wider than high; nearly flat frontal profile well sloped, one-half 
longer than the face; face concave; clypeus somewhat depressed, one and 
a half times as long as wide, parallel sided; epistoma as wide as the clypeus, 
half as long as same, well warped forward, the oral margin axis longer than 
the antennal axis; eye very large, the upper facets larger than the lower; 
cheek about one-eighth eye height; eye separated by a distance levSS than 
the width of the ocellar triangle, the frontalia generally obliterated on the 
posterior third; ocellar and inner vertical bristles developed in both sexes; 
frontal bristles stopping at the antennae base, the parafrontals bare outside 
the frontal row (fig. 1 ); parafacials one and a half times as wide as the 
facialia, the two together three-fourths as wide as the distance between the 
vibrissae; vibrissae short but well differentiated; antennae reaching three- 
fourths of the way to the vibrissae; arista thickened one-half way; palpi 
slightly enlargecl^t the tip. 

Thorax narrower than the head; acrostichals 0 . 1 ; dorsocentrals 1 . 1 ; 
intraalars 0 . 1 ; supraalars 1 . 1 ; sternopleurals 1 ; pteropleural as long as 
the sternopleural; lateral scutellars 2 , the hind decussate. Wings narrow, 
clear, the costa straight and the anal area not enlarged (fig. 25); petiole 
of the apical cell nearly half as long as the preceding section of Rs; M 3 
midway between Re and the broadly rounded cubitulus; Mi joining Rs 
nearly at right angles. L^s robust, the femora enlarged and the hind 
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femur curved; hind tibia as long as the hind femur; claws and pulvilli 
elongate in the male. Abdomen oval, pollinose; marginal rows of bristles 
on segments two, throe and four fairly distinct; abdominal hairs sparse, 
erect; sternites all well formed in both sexes; ventral membrane widely 
exposed in the male, narrowly so in the female; sixth sternite of female 
shorter than the fifth; sheath narrow, pointed, closely appressed to the 
piercer, one-third longer than the sixth sternite; piercer sharp, narrow, 
pointing slightly upwards, jusc projecting beyond the sheath. 

This genus which finds its closest ally in the European Ilyalomya is 
represented in North America by two species both of which are largely 
Western in distribution. These species may be separated as follows: 

Length 2.5-4 mm. Abdominal hairs sparse, arranged in four or five rows on each 
segment, the hairs with an inconspicuous black basal spot; bristles of tibiae 


fine. aldrichi (Townsend) 

Length 5-6 mm. Abdominal hairs dense, in nine or ten rows on each segment, the 
hairs with a rather distinct black basal spot; bristles of tibiae very 
stout. rohusta n. sp. 


llyalomyiopsis aldrichi (Townsend) 

Hyalomyia aldrichi Townsend, Proc. Knt. Soc. Wash., II, 136, 1891; type male. South 
Dakota (IJ.S.N.M.). 

Hyalomyia celer Townsend, 'Trans. Amer. Ent. Soc., XXII, 65, 1895; type female. Las 
Cruces, New Mexico (Kansas). New Synonymy. 

Phoranlha pruinosa Robertson, Can. Ent., XXXIII, 284, 1901; type male, Carlinville, 
Illinois (Illinois): New Synonymy. 

Phasia cam West, Jour. N.Y. Ent. Soc., XXXIII, 123, 1925; type male, Karner, New York 
(Cornell): New Synonymy. 

This species is probably the best known member of the complex and 
is the form most commonly determined as Ilyalomya occidentis Wlk. It is 
our smallest Phasiine. 

Male. Length 2.5-4 mm. Antennae and arista black, the third 
antennal segment with greyish pollen; frontalia black; front, face, cheeks 
and occiput silvery grey, the occiput darker above; i)alpi dark brown. 

Thorax black, the mesonotum subshining; humeri, disc of mesonotum 
and pleura very thinly greyish pollinose; pleural hairs black. Wings clear; 
veins brown or yellow; squamae white. Legs dark; tibial bristles short 
and weak. 

Abdomen black; first segment except for a narrow ijosterior region, 
a small median spot on the anterior edge of .segments two, three and 
four without pollen, the rest of the abdomen densely silvery-grey pollinose; 
abdominal hairs sparse, the hairs in three to five rows on each segment. 

Female. Similar to the mab ; the thoracic pollen is more evident 
than in the male and the mesonotum shows four very faint vittae; abdomen 
coloured as in the male, the pollen grey or greyish-yellow, each hair with 
an evident shining spot at the base. 

Distribution. Alaska (Skagway, June 3); Alberta (Medicine Hat, 
Oct.; High River, Banff, Oct. 2; Lethbridge, May 22; Waterton, July 13; 
Morrin, June 4; Orion, Aug. 13; Kannanaskis, June 23); Arizona (Teme, 
June 19; Palmerlee); California (Niles, May 9; Pacific Grove, May 10; 
Los Gatos, Feb. 16; Pasadena, April; Pleasanton, June 24; Redlands; 
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Tracy, Oct. 30); Colorado (Boulder, Sept. 30; Grant, Aug. 20; Denver, 
Sept. 3; Greeley, Aug. 31; Ft. Collins; Canon City); District of Columbia 
(Eastern Branch, Oct. 22); Idaho (Moscow, July JS-Sept. 5; Kinghill, 
^pt. 29; Yale; Carey, Sept. 23; Juliaetta, June 5); Illinois (Mason 
City, June 5); Indiana (LaFayette, May 24-Oct. 22; Evansville, May 7; 
Michigan City); Kansas (Garden City, Oct. 24); Manitoba (Treesbank, 
July 13-Oct. 2; Aweme, Oct. 6; Teulon, July 7); Massachusetts (Melrose 
Hghds., June 19); Mexico; Montana (Bozeman, Sept. 2); Nebraska 
(West Pt., Sept. 6-9; Hartley, July 15; Indienola, July 5) ; New Jersey 
(Atco; Woodbury, June 1-July 31; Bueno Vista, Nov. 6; Clementon, Oct. 
6); New Mexico (Socorro); New York (Karner, Nov. 4); North 
Dakota (Bismarck, June 14; Lisbon; Minot, June 18); Ontario (Ottawa, 
May 15; Norway Point, July 15); Sask.\tciiewan (Swift Current, May 
30; Saskatoon, May 23; Cypress Hills, June 5; Indian Head, July 7); 
South Dakota (Rapid City; Custer; Brookings; Pierre, May 22); Texas 
(College Station, July 11); Utah (Logan Canon, June 6; Moab, Aug. 20); 
Washington (Spokane, July 7; Fishtrap Lake, Aug. 8; Pullman); 
Wisconsin (Milwaukee, July 29). 

Hyalomyiopsis robusta n. 

Male. Length 5-6 mm. Head coloured as in aldrichi. Thorax 
black, the mesonotum subshining; humeri, posthumeral area and disc of 
mesonotum with evident grey pollen, the prescutum showing four very 
faint vittae. Wings clear; veins yellow; squamae white. Legs dark; 
tibiae bristled with long stout bristles. Abdomen black; the first segment 
(except a narrow central area posteriorly) and a narrow median spot on 
the anterior margins of segments two, three and four without pollen, the 
rest of the abdomen shining greyish polliiiose; abdominal hairs compara¬ 
tively dense, in nine or ten rows on each segment. 

Female. Similar to the male except that the abdominal pollen is 
greyish or greyish-yellow and each hair has a black s^iiniiig spot at the base. 

Ilolotype. c?*. Summit Prairie, Grant Co., Ore., El. 5500 ft., VHI. 7.41 
(M. & R. E. Rider); in H. J. Reinhard’s Collection, College Station, Texas. 

Allotype. 9 , same data as type. 

Paratypes. 2 c?*, 1 9, same data as type; 2 cT, Lump Gulch near 
Gilpin, Colo., VIII.8.34 (N. Dondelinger and H. G. Rodeck); 1 c?*, 
Colorado, 25.VIII.31; 1 cf, Boulder, Colo., VI.21.32 (M. T. James); 
1 c?*, 1 9, Boulder, Colo., VI.5.32 (M. T. James); 1 cf, Logan, Utah, 
VI.8.31, in Reinhard's Collection. 1 9 , Clark Co., Kansas, June, 1962 ft. 
(F. H. Snow) in the Kansas University Collection. 1 cf’, Moscow, Idaho, 
IX.4.08 (J. M. ^drich); 2 9, Moscow, Idaho, IX.5.08, on goldenrod, 
and VIII.26.12'^ldrich); 1 9, Salt Lake, Utah, Oct. 20, 1913 (L, P. 
Rockwood); 1 cf, San Diego Co., California; 1 cf, Berkeley, Alameda Co., 
Calif., July 27, 1910 (J. C. Bridwell); 1 9, (Ft. Collins, Colo., 5.18.94 
(J. H. Cowen),in the United States National Museum, Washington. 1 cf, 
Ft. Collins, Colo., 7.30.15 (C. F. Baker) in the Museum of Comparative 
Zoology, Cambridge. Also one specimen from Ft. McLeod, British Co¬ 
lumbia, Aug. 
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NORTH AMERICAN SPECIES NOT INCLUDED 
Hyalomya occidentis Walker—Insecta Saunclersiana, part IV, 260, 1856. 

Mas: Atra, caput argentatum; abdomen canuni biisi vittaque 
fasciisque duabus nigris; alae limpidae 

Deep black; head with a silvery covering; frontalia deep black, 
triangular; abdomen hoary, black towards the base and with a black 
stripe and two black bands; legs black; wings colourless; veins black, 
yellow towards the base and along the fore border; alulae white; 
poiser yellow. Length of body lines (about 5 mm.); of the wings 
5 lines. United States. 

The description is closest to the ('alifornian species Paraphasia ni^ra 
n. vsp., described in this paper. C'ertaiii discrepancies as the “frontalia 
triangular,” “wings colourless,” and “alulae white” and the smaller 
dimensions make it advisable to leave the species as unidentifiable for the 
prcvsent. 

Alophora luctuosa Bigot—Annales Soc. Ent. Franco, Doc. 1888, 255. 

A. luctuosa^ y 9,- Long. 4\ mill - Undi(]ue nigro parum nitente; 
calyptris albido-fia\'id(3 linctis, halteribus fulvis; alis hyalinus base, 
anguste, pallido fulvo pictus - 9 , vSimillima; fronte late fusco-nigro vittata- 
Amerique du Nord; montagnes Rocheuses, specim. 3 cT, 1 9. 

Coquillett recorded this .species as a synonym of occide7itis but the 
description indicates rather one of the Alophorella group. 
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AN APPRAISAL OF SPRAY MATERIALS FOR THE CONTROL 
OF APPLE SCAB IN ONTARIO^ 

G. C. Chamberlain* 

Dominion Laboratory of Plant Pathology, St, Catharines, Ontario 
[Received for publication April 28, 1945] 

For many years lime sulphur has been the standard fungicide for the 
control of apple scab. Its effectiveness as a preventive, eradicative, and 
adhesive spray has been demonstrated repeatedly. A serious limitation to 
its usefulness, however, is its tendency to induce foliage injuries detrimental 
to growth and yield. The extent of injury may vary in different localities 
and be influenced greatly by such factors as vigour of tree, method of 
spraying, dosage, and seasonal conditions. This danger of foliage injury 
has served to discredit lime sulphur for orchard spraying and has directed 
attention to the milder elemental or wettable sulphurs as possible sub¬ 
stitutes. The present report concerns the results of spray trials with 
certain of these materials as well as with modifications of the Ontario 
spray calendar for apples. 

MATERIALS AND METHODS 

The experiments, commenced in 1930, were conducted at St. 
C^atharines in the laboratory orchard comprising ninety-eight 11-year-old 
Macintosh trees planted 28 feet X 28 feet on a diagonal plan. The 
orchard has been subject to severe outbreaks of scab, and control proved 
difficult in seasons favourable for the development of the disease. Sprays 
were applied according to the development of buds, foliage, and fruit at 
the delayed dormant, pre-pink, calyx, and two cover sprays, as outlined in 
the Ontario spray calendar. Bordeaux was used for the delayed 

dormant spray, the differential vspraying commencing with the pre-pink 
application. Arsenate of lead at recommended strength was added to all 
sprays. The following fungicides were used: 

(1) Commercial Lime Sulphur^ at the strength of 2\ gal. to 100 gal. of 
water with lb. hydrated lime, was used for the pre-bloom applications 
and at 2 to 100 for the calyx and 1st cover spray. For the 2nd cover 
application, Bordeau 2|-vS-100 was employed. In 1943 and 1944, the 
strength of lime sulphur was If gal. to 100 (1-60). 

(2) Camden Flotation Sulphur Paste (35% Sulphur). Flotation 

sulphurs are the most finely divided of all elemental sulphurs. Camden 
paste was used at the rate of 20 lb. to 100 gal. of water for the pre-bloom 
and calyx sprays and 12f to 100 for the two cover sprays, with and without 
half strength lime sulphur in pre-bloom and calyx sprays. In 1944, the 
amount of flotation sulphur paste was 16 to 100 and 10 to 100 for the late 
sprays. ^ 

(3) Koppers Dry Flotation Sulphur (95% Sulphur). This flotation 
sulphur was used in 1943 at lb. to 100 gal. of water for the calyx spray 
and at 6 lb. for the 1st and 2nd cover. 

1 Contribution No. 816 from the Division of Botany and Plant Pathology, Science Service, Department 
<~f Agriculture, Ottawa, Canada. 

* Associate Plant Pathologist. 
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(4) Micro Flotox (95% Sulphur). This is a sulphur prepared by the 
Micronizer process of grinding sulphur which results in a very finely 
divided product, next in fineness to that of the flotation sulphurs. It was 
used at the rate of 7 lb. to 100 gal. of water for the pre-bloom and calyx 
sprays and at 5 lb. for the cover applications. 

(5) Sulfuron (97% Sulphur). This product, one of the group of 
elemental sulphurs of larger particle size than the foregoing, was used at 
the same rate as Micro Flotox. 

(6) Bartlett's Wettable Sulphur (Micron sized 94% Sulphur). This 
product, reputed to approximate closely the fineness of micronized sulphur, 
was used at the same rate as Micro Flotox. 

(7) Kolofog Bentonite Sulphur (30% Sulphur). This product, which 
consists of sulphur fused with bentonite, was used at the rate recommended 
by the manufacturers, 7} lb. to 100 gal. of water, with and without weak 
lime sulphur for the pre-bloom and calyx applications. 

(8) Fermate, This organic fungicide, containing 70% ferric dimethyl- 
dithiocarbamate as the active ingredient, was used at the rate of 2 lb. with 
an equal quantity of hydrated lime to 100 gal. of water. 

(9) Coposil (20% copper). This so-callcd fixed copper was used in 
the 1st and 2nd cover sprays where summer oil emulsion was employed 
in the latter and 3rd cover spray for codling moth control. It was used 
at the rate of 2] lb. to 100 gal. with 5 lb. hydrated lime added. 

Orthex, a mineral oil type of spreader-adhesive, was added to certain 
sprays in 1943 and 1944 at the rate of 1 pint to 100 gal. of spray mixture. 

Orvus (sodium lauryl sulphate) spreader, 1 pint to 100 gal., was added 
to certain sprays in 1943. 

SEASONAL DEVELOPMENT OF SCAB 

Meteorological data and information relative to the development of 
the apple scab fungus, host, and disease are shown graphically in Figures 
1 to 3. The date of maturation of ascospores was ascertained by micro¬ 
scopical examination of overwintered scabby Macintosh leaves, and the 
times and intensity of ascospore discharge were recorded by means of 
spore traps. Ascospore discharge, which occurs during rain, was found 
to extend from the latter part of April to the end of June; the period of 
major discharges occurred when the trees were either approaching or in 
full bloom. The distribution, amount, and duration of rainfall at this 
time were the important factors in determining the incidence of scab and 
the effectiveness of the sprays. 

In 1939 and 1941, scab was of very minor importance. Both years 
were notable for a lack of rainfall in the early growing season, followed by 
comparatively dry summer weather. Only light scattered showers of 
short duration occurred during the period when the majority of ascospores 
were discharged, and consequently there was an absence of any serious 
infection. In 1939, very little scab was present in the orchard until 
August, when wet weather favoured the development of late infection on 
the fruit. In 1941, practically no scab occurred in the sprayed plots and 
only 3% of the fruit from unsprayed trees was infected. 
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Explanation of Plates ' 

Figure 1. Graphic summary of certain meteorological and seasonal data relating 
to apple scab in the Niagara Peninsula in 1939 and 1940. 

In the remaiif^ years, scab was very prevalent, no crop being 
harvested from unsprayed trees. Rainfall in May was excessive, with 
frequent showers followed by protracted periods of high humidity, especially 
at the peak of ascospore discharge. In 1940 and 1943, the critical infection 
periods occurred prior to bloom and were followed by the early establish¬ 
ment of the disease. This factor and inclement weather made control of 
scab very difficult. In 1942, the rainfall in May was even greater than in 
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1940 and 1943, but the infectipn periods were of shorter duration and 
occurred later in relation to host development. In 1944, little infection 
followed the more active ascospore discharges previous to bloom. How¬ 
ever, the disease developed freely during the extremely damp weather of 
the late bloom period and spread rapidly with the recurring wet weather in 
June. Because of the prevalence of scab, it was deemed advisable to make 
an extra application of fungicides to all plots at the time of the 3rd cover 
spray (July 3). 


1941 
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Figure 2. Graphic summary of certain meteorological and seasonal data relating 
to apple scab in the Niagara Peninsula in 1941 and 1942. 
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Figure 3. Graphic summary of certain meteorological and seasonal data relating 
to apple scab in the Niagara Peninsula in 1943 and 1944. 


RESULTS OF THE EXPERIMENTS 

In the spray trials of 1939-42, the same program was- carried out 
annually, and the data obtained by examining the total crop harvested 
from each plot are summarized in Table 1. 
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Table 1.—Results of spraying experiments at St. Catharines, 19.^9-1942 


Spray treatment 

Macintosh appl(*s 

with scab infection 

1930 

1940 

1941 1 

1 1942 


% 

% 

% 

% 

1. No sprays 

51.3 

94.8 

3.6 

94.1 

2. Lime sulphur 

4.7 

10.9 

T 

2.9 

3. Kolofog 

24 0 

71.7 

r 

12.3 

4. Kolofog -|- lime sulphur 1-80 

25.8 

38.0 

T 

9.6 

5. Flotation sulphur paste 

11.6 

28 6 

0.0 

7.2 

6. Flotation sulphur paste + lime 
sulphur 1-80 

8.6 

13.5 

0.0 

5.6 

7. Lime sulphur; Coj)osil: oil 

3.0 

5 6 

0 0 

1.5 

8. Kolofog; Coposil: oil 

7.4 

11.6 


3.0 

9. Kolofo.u: -h lime sul. 1-80; eop.: oil 

4.4 

3.3 

r 

1.3 

10. Flotation sulphur i)aste; cop.: oil 

4.5 ! 

10.6 

T 

5.6 


Lime sulphur 1-40 was the most effective iu controllinu: scab, but it 
caused ('onsiderable foliage injury, es|)ecially in the wet sc‘asons. 'Fhe 
injury included dwarfing, distortion, marginal scorch, and tip-burn of 
leaves. In addition, lime sulphur increased tht* amount of yellow leaf 
and defoliation due to arsenical injury. Limt* sulphur injury is im])ortant 
because it reduces the area and impairs the efficiency of the h‘aves. A 
number of investigators have studied its effect on growth and yield of 
trees. Burrell (1) reported a reduction of on(‘-third in yield of trees 
sprayed with lime sulphur, as compared with wettable sulphur, and 
Rasmussen (4), a reduction of almost one-half. In this experiment, a 
lack of uniformity both in the size of the tree and in soil condithms rendi‘red 
the crop and growth records unsatisfactory, and no direct evidenci^ was 
obtained that the injury had a detrimental effect on tree performance. 
However, the deleterious effect of lime vsulphur was clearly evident in 
thinner foliage, and smaller, distorted, and paler leaves. 

The wettable sulphurs eliminated the danger of foliage injury but were 
less effective and less reliable than lime sulphur. 'Their fungicidal efficiency 
was influenced greatly by seasonal conditions, a fai't ck'arly shown by the 
results obtained in 1940 and 1942. In 1940, when moisture conditions 
during the pre-bloom period were particularly favourable for scab, they 
proved of limited value. They gave much more satisfactory control in 
1942, a season in which infection piTiods were of short duration and scab 
development was late in relation lo host development (late bloom). The 
addition of ] strength lime sulphur to the wettable sulphurs for the pre¬ 
bloom and calyx sprays improved control of scab in 1940, but was of little 
value under the conditions existing in 1942. This combination spray, 
while not entirely eliminating lime sulphur injury, is considered warranted 
in seasons particularly favourable for the early development of scab. 

Flotation sulphur paste was preferable to bentonite sulphur, especially 
under the severe conditions of 1940. The better performance of flotation 
sulphur emphasizes both the importance of high sulphur content in the 
spray and of fineness of sulphur particles in controlling scab. Flotation 
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sulphur paste was found much less convenient to use than the dry sulphur 
and required extra time and care to assure its proper dispersion in the 
spray tank. 

Excellent control of scab was obtained where the various sulphurs 
were replaced with Coposil and Coposil in a 1% summer oil emulsion in 
the 1st and 2nd cover sprays. This treatment, in addition to its main 
purpose of reducing codling moth injury, has considerable merit in prevent¬ 
ing late season infection of the fruit. However, the fruit had a somewhat 
inferior colour and finish in comparison with that of the other plots. 

Table 2.—Results of spraying experiments at St. Catharines, 1943 


Scab on harvested Macintosh apples 


Spray treatments 

No 

apples 

Total 

scab* 

Light 

Medium 

Severe 



% 

% 

% 

% 


No 





1, No sprays 

harveit 

100.0 

— 

— 

— 

2, Lime sulphur 1-60 

4469 

31.7 

15.9 

6.9 

9.0 

3. Koppers dry flotation sulphur 

4080 

36.0 

28.9 

4.4 

2.7 

4. Sulfuron 

3851 

68.5 

41.7 

14.6 

12.2 

5. Kolofog 

3510 

83.5 

26.4 

24.9 

32.2 

6. Koppers dry flot. s. -f- Orthex 

1423 

14.3 

12.2 

1.2 

0.9 

7. Koppers dry flot. s. -j- Orvus 

3365 

30.7 

25.7 

3.0 

2.0 

8. Sulfuron -f Orthex 

2941 

33.6 

27.7 

3.9 

2.0 

9. Sulfuron 4- Orvus 

4138 

48.6 

37.5 

6.8 

4.3 

10, Koppers d^ flot. s.; Coposil; oil 

2771 

24.3 

19.2 

4.2 

0.9 

11. Sulfuron; Coposil: oil 

2575 

34.3 

22.1 

7.2 

5.0 

12. Fermate + lime 

732 

30.2 

29.0 

0.8 

0.4 


* Scab infection was classified into three categories as follows: 

Slight - a single infection up to i inch diameter or several pin-point lesions aggregating this amount. 
Medium - one or more lesions aggregating more than i inch and up to | inch diameter. 

Severe -■ numerous infections exceeding an aggregate of f inch diameter or where fruit showed 
cracking or malformation due to scab. 


The season of 1943 was favourable to the early and serious develop¬ 
ment of scab, and effective control was extremely difficult to attain. 

Although, as indicated in Table 2, no treatment gave satisfactory 
commercial control, the results of the 1943 tests provide further evidence 
of the greater effectiveness of the finely divided sulphurs, represented by 
Koppers dry flotation sulphur. With this material, not only only was 
there a smaller percentage of scabbed fruit but the fruit was less severely 
affected than that to which Sulfuron was applied at the same strength. 
Both Sulfuron and Kolofog were ineffective under the conditions prevailing 
in that year. i||}th them, a high percentage of the fruit became seriously 
infected. These results further substantiate the previous conclusion that 
these types of wettable sulphurs are of limited value in seasons favourable 
to the early development of scab. 

Much improved control of scab resulted from the addition of Orthex, a 
mineral oil spreader-adhesive, to the wettable sulphurs used for the calyx 
and cover sprays. This material, which appeared to improve coverage 
and to increase sulphur deposit on foliage and fruit, was superior to Orvus, 
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which added little to the control of scab, except when used with Sulfuron. 
Orvus was observed to foam considerably when agitated at high speed and 
did not show any special merit. 

Lime sulphur, used at a weaker strength (1-60), caused moderate 
foliage injury and failed to show any advantage over dry flotation sulphur 
in controlling scab. A much higher percentage of the infected fruit from 
trees sprayed with the former was graded as culls than from trees sprayed 
with the latter. 

The use of Coposil in place of the sulphurs in the cover sprays improved 
scab control, thus confirming previous results. However, a new develop¬ 
ment was the occurrence of a moderate to severe foliage spotting. Similar 
injury, attributed to the oil, was observed in other orchards. No explana¬ 
tion can be offered as to why this injury occurred. 

The new organic fungicide Fermate proved very promising. In this 
plot, infection was relatively unimportant. 

Another serious outbreak of scab was experienced in 1944, the infection 
developing very freely in the post-bloom period. An extra application of 
fungicides was made on all plots at the time of the 3rd cover spray and 
proved of the utmost importance in preventing the spread of the disease 
to the fruit. 


Table 3.—Results of the spraying experiments at St. Catharines, 1944 



Scab on harvested Macintosh apples 

Spray treatment 

No 

apples 

Total 

.scab 

Light 

Medium 

Severe 

1. No spray.s 

No 

harvest 

% 

100.0 

% 

% 

% 

2. Lime sulphur 1-60 

2526 

10.1 

7.9 

1.5 

0.7 

3. Flotation sulphur paste 

2897 

9.6 

8.5 

0.8 

0.3 

4. Micro Flotox 

2209 

10.5 

9.6 

0.5 

0.4 

5. Bartlett’s wettable sulphur 

3422 

30.8 

21.9 

4.3 

4.6 

6. Kolofog 

1082 

26.2 

16.5 

5.8 

3.9 

7. Micro Flotox 4- Orthex 

2556 

7.5 

6.5 

0.7 

0.3 

8. Bartlett’s wett. s. -f- Orthex 

2243 

20.5 

16.3 

M 

2.1 

9. Sulfuron + Orthex 

1973 

21.9 

18.3 

2.5 

1.1 

10. Fermatc 

2187 

3.2 

3.1 

1^ 

T 

11. Kolofog lime sulphur 1-80 

1954 

10.9 

9.6 

0.9 

0.4 


The results in 1944 (Table 3) support those of previous years. In the 
plots sprayed with wettable sulphurs alone, the best control was obtained 
with those having the finest particles, namely, flotation sulphur paste and 
Micro Flotox. Orthex was of little value when used with micronized sul¬ 
phur, but definitely improved the control obtained with the other materials. 
In this connection it should be pointed out that Orthex was added only in 
the pre-bloom and calyx applications. Since the latter and the subsequent 
cover sprays proved the more important in controlling scab, it might 
reasonably be assumed that even better results would have been obtained 
if Orthex had been added to the later cover sprays. 
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Fermate, with lime and Orthex, excelled all other treatments. The 
trees and fruit were outstandingly free from scab; but the trees showed 
more red mite injury and there was a greater infestation of the insect on 
the fruit at harvest than on the sulphur sprayed trees. 

Lime sulphur 1-60 and the combination spray of bentonite sulphur 
plus lime sulphur 1-80 gave good control of scab, but in both cases con¬ 
siderable yellow^ leaf and defoliation dev^eloped after the calyx application. 
The defoliation w as quite marked and a moderate scald of the fruit occurred. 
It was evident that the combination spray had little advantage over lime 
sulphur in respect to host injury. 

SUMMARY AND CONCLUSIONS 

Tht‘se spray experiments demonstrate conclusively that lime sulphur 
1-40 or 1-60 strength is the most effective fungicide for controlling scab, 
but cannot be considered “safe” under Niagara Peninsula conditions. Its 
use as an eradicant rather than a protectant spray might be warranted 
under conditions of severe outbreaks of scab or where such outbreaks are 
to be feared more than the occurrence of foliag(‘ injury. If lime sulf)hur 
is used, the strength recommended is that of 1-60, and w hen in combination 
with wettable sulphurs, 1-80, for the pre-bloom and calyx applications. 
For the post-bloom applications a wettable sulphur alone is preferred. 

The milder elemental or wettable sulphurs po.ssess the merit of “safety.” 
They appear to have limitc'd \’alue in s(‘asons favourable for early pre¬ 
bloom infection. They must be considered as protectant sprays, and w^hen 
extremely w^et conditions pievail in the early season, proper timing and 
adequate coverage are of the utmost importance in securing satisfactory 
results. Furthermore, experience suggests that, during prolonged wet 
periods, extra applications may be necessary. 

Motation sulphur, in dry or paste form, and micronized sulphur proved 
the most effective and most reliable substitutes for lime sulphur. wSupport- 
ing evidence of the value of micronized sulphur was obtained in eight com¬ 
mercial orchards under observ-ation outside the Niagara Peninsula, w^here 
it was used in 1044 and gave control of scab equal to that obtained with 
lime sulphur 1-60 or w^ettable sulphur plus lime sulphur 1-80. 

Wettable sulphurs tend to adhere rather poorly. In this connection, 
the benefit of adding spreader-adhesive materials to the wettable sulphurs 
w^as demonstrated clearly in 1943. The addition of Orthex caused a 
flocculation of the spray suspension, and gave increased spray deposit as 
well as improved coverage and adhesiveness. This increased protection is 
particularly jj^luable under w^et conditions at the time of the pre-bloom 
and calyx sprays, when the trees are most susceptible to infection. 

Results w^ere conclusive with respect to the special modification of the 
Ontario spray calendar recommended for orchards heavily infested w’ith 
codling moth. This schedule, which employs copper in place of sulphur 
for the first and second cover sprays, was very effective in preventing fruit 
infection. How^ever, from the standpoint of the colour and finish of the 
fruit, it was inferior to the regular sulphur schedules. 
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The results obtained with the new synthetic organic fungicide F'ermate 
are of special interest. This fungicide has been under experimental observa¬ 
tion in New York, Ohio, Virginia, British Columbia, and elsewhere for 
several seasons and has given results in the control of scab equal to or 
better than that obtained by the most effective of the wettable sulphurs. 
Tests in Virginia (6) have shown that it is compatible with summer oils, 
and thus it offers promise in the schedule for the control of codling moth. 
Recently other organic fungicides have been developed which in preliminary 
trials have shown great promise for the future. Some of the.se materials 
are reported (3, 5) to exhibit great specificity for certain diseases and to 
have therapeutic value, and their use is reputed to result in better sizing 
and colouring of the fruit. At the present time, they are not available for 
commercial use and no recommendation concerning them can be made. 
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SOME STUDIES ON MACROPHOMINA PHASEOLI (MAUBL.) 
ASHBY IN ONTARIO! 

A. A, Hildebrand, J. J. Miller and L. W. Koch* 

Dominion Laboratory of Plant Pathology, Harrow, Ontario 
[Received for publication May 30, 1945] 

During the course of a plant disease survey in Essex County in south¬ 
western Ontario in August, 1944, a diseased soybean plant was found that 
exhibited symptoms strongly suggestive of Charcoal Rot. When minute 
sclerotia embedded in necrotic cortical tissue near the base of the stem of 
the affected plant were transferred to culture media, pure cultures of an 
organism subsequently found to be Macrophomina Phaseoli (Maubl.) 
Ashby were readily obtained. Prior to that time the presence of this 
pathogen on soybeans in Canada had not been known. Indeed, the only 
report of what niay have been the same fungus on any host in Canada, is a 
brief notation in 1934 (3) citing the occurrence of Sclerotimn bataticola 
Taub., on diseased fruits of pepper in Lincoln County, south, central 
Ontario. Hoffmaster and Tullis (6) have recently recorded that, in the 
United States, Macrophomina dry rot or charcoal rot, has been reported 
from 27 states, being found mostly throughout the southern half of the 
country, but it does occur as far north as Illinois and Indiana and has been 
recorded from Douglas County, Oregon. It is interesting to note that 
Douglas County, Oregon, and Lincoln and Essex Counties in Ontario, the 
three locations that, to date, mark the most northerly points in North 
America from which the pathogen has been reported, all lie just north of 
the 42nd parallel of latitude. 

Concurrently with the isolation of M, Phaseoli from soybean, a second 
isolate that appeared to be almost identical with the first,was obtained from 
a diseased specimen of cotton that had been sent to the Harrow laboratory 
from Texasl Not only on cotton but on many other hosts of outstanding 
importance, including corn and soybeans, charcoal rot is creating a 
problem of major pathological and economic significance in the United 
States. The two last-mentioned crops, corn and soybeans, are among 
those grown most extensively in Essex County. The presence of the 
pathogen having been established here, it seemed advisable to gain some 
further information not only about the fungus itself but also about its 
potential pathogenic capabilities especially as related to the two crop 
plants mentioned above. 

DESCRIPTION OF THE DISEASE , 

Attention was first attracted to the soybean plant on which the disease 
was found by the fact that it had been prematurely killed and thus stood 
out conspicuously among the surrounding healthy plants. In removing 
the plant friA the soil a strip of epidermis had been torn off the stem just 
above the crown thus exposing the light-coloured, necrotic, sub-epidermal 
tissue. Scattered thickly over the latter and appearing as small black 
specks were the sclerotia of the fungus (Figure 1). Sclerotia were not 

1 Contribution number 820, Divisidn of Botany and Plant Pathology. Science Service, Department of 
Agriculture. Ottawa, Canada. 

* Assistant Plant Pathologist. Agricultural Assistant and Pathologi8t>in>Charge‘. respectively. 

• Through the courtesy of G. E. Altstatt, College Station, Texas. 
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observed externally on the epidermis of the affected area of the stem. 
Another fungus disease commonly occurring on soybeans in Ontario, known 
as pod and stem blight, also very often attacks the plant towards the basal 
region of the stem. In the case of this latter disease, however, the minute, 
black, dot-like pycnidia of the causal organism, Diaporthe Sojae Lehm., are 
usually readily visible on the surface of affected areas and tend to be 
arranged in rows. 

ISOLATIONS FROM DISEASED PLANTS 

(a) From Soybean 

On August 22, 1944, 64 individual sclerotia were transferred from 
freshly-exposed cortical tissues of the diseased field specimen to 16 plates 
of potato dextrose agar prepared according to the method of Riker and 
Riker (12). The agar in 8 of the plates had been acidified to the extent of 
two drops of 5% lactic acid per 15 ml. ol medium while that in the remain¬ 
ing plates was left non-acidified. Four sclerotia were transferred to each 
plate. 

In less than 17 hours, the sclerotia had germinated to the extent of 
approximately 100% and long filaments of mycelium were already permeat¬ 
ing the medium. After 25 hours colonies averaging over one-half inch in 
diameter surrounded many of the sclerotia. A microscopic examination at 
41 hours revealed that new sclerotia were developing profusely on all 
plates and at 65 hours myriads of these were visible to the unaided eye. 

Since the above first attempt many additional sclerotia transferred to 
culture media from the original diseased specimen have never failed to 
germinate at ordinary room temperature and provide cultures that in turn 
developed sclerotia in abundance. 

{b) From Cotton 

In the course of making isolations from specimens of diseased cotton 
plants presumably affected with cotton wilt and from which it was expected 
to obtain cultures of Fusarium vasinfectum Atk., for use in certain com¬ 
parative studies of Fusarium, there developed colonies of a sclerotium- 
producing fungus that closely resembled the one recently obtained from 
soybean. Because of their apparent similarity it was decided to use both 
in pathogenicity tests that were being planned. For convenience the 
isolates obtained from soybean and from cotton will be referred to as the 
Ontario and Texas strains, respectively. 

INFECTION EXPERIMENTS 

Series 1.— Experiments in which stems of soybean plants were injured arti¬ 
ficially and inoculated with the Ontario strain. 

On September 1, 1944, flap-type wounds were cut with a sharp scalpel 
in the cortical tissues at the base of the stem of healthy, 57-day-old .soybean 
plants, variety A. K. Harrow, growing in pots in the greenhouse. Agar 
bearing mycelium and sclerotia of 8-day-old, mono-sclerotial cultures of 
the Ontario strain was inserted in the wounds which were then covered 
with moist absorbent cotton bound in place with adhesive tape. Check 
plants were treated in an exactly similar manner except that sterile agar 
was inserted in the wound. The number of plants involved, together with 
other relevant data and the results obtained are shown in Table 1. 



Table 1.—Results of infection experiment involving artificial injury and inoculation of stems of soybean plants 

WITH Ontario strain of M. Phaseoli, Sept. 1, 1944 
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M. Phaseoli present. MP — = M. Phaseoli absent. 

M. Phaseoli with sclerotia. JMP+S-l-P =i/. Phaeeoli with sclerotia and pycnidia. 



July, 19451 


HILDEBRAND ET AL.—CHARCOAL ROT OF SOYBEAN 


693 


If reference is made to Table 1 it may be noted that of 18 inoculated 
plants, 17 became infected whereas none of the 9 check plants showed any 
evidence of the disease. At 67 days after inoculation, only 4 of the in¬ 
oculated plants had become infected. At 105 days after inoculation, an 
additional 9 inoculated plants had become infected. All plants examined 
at these two points showed only sclerotia of the funj^us. On IVIarch 13, 
1945, about 6^- months after inoculation, the last 4 inoculated plants had 
become infected and were showing pycnidia of the fungus as well as sclerotia 
scattered over the infected areas. 

From the evidence it was clear that the plants had not become sus¬ 
ceptible until they were approaching or had reached a condition of senes¬ 
cence. It was strongly suggested that the Ontario strain had acted as a 
facultative parasite. Once infection had taken place, its spread was rapid 
and in some case^ sclerotia were visible on areas of the stems up to 9 inches 
in extent. 

Series 2.— Experiments in which seeds of corn and soybean were sown in soil 
artificially infested with the Ontario and Texas strains respectively. 

This series of tests was carried out in 3 Wisconsin tanks of 8-container 
capacity each, operated at 21°, 27° and 33° C., respectively. Containers 
and soil, the latter a mixture of 2 parts greenhouse compost and 1 part 
medium lake-shore sand, were sterilized with chloropicrin. The soil in 
4 of the containers of each tank was infested with the Ontario strain of the 
organism, that in 2 others with the Texas strain, while that in the two 
remaining containers served as checks. Soil infestation was accomplished 
by addition of cornmeal-sand medium upon which the organism had been 
grown for 10 days, to the top 4 inches of soil in the containers, in the pro¬ 
portion of about li% by volume. The technique followed very closely 
that recently used with success by Miller (9). Non-disinfected seed of 
soybean variety A. K. Harrow and of corn inbred Hy, 15 seeds respectively 
per container, were used in the te.sts. Non-disinfecled seed was used in 
order that results obtained might be compared with those of Semeniuk 
(13) who, in testing the susceptibility of corn inbred lly to attack by 
Sclerotiurn hataticola Taub., ihsed non-disinfected seed and also because in 
Series 1 the organism had exhibited such weak and dehxyed parasitic 
capability that it was felt the aj)i)lication of a fungicide to the vseed might 
inhibit infection altogether. 

Counts were taken daily of seedlings as they emerged. In Table 2, 
where final totals are recorded, it can be seen that differences in emergence 
are small and cannot be regarded as significant. As had been noted by 
Semeniuk (13) in his studies, no pro-emergent rotting of seed occurred in 
the infested* soils. In the case of corn, maximum emergence took place 
on the 6th, 4th and 3rd days after planting, at 21°, 27° and 33° C., re¬ 
spectively. 
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Table 2.—Percentage emergence of corn and soybean seedlings grown at 

DIFFERENT TEMPERATURES IN INFESTED AND NON-INFESTED SOIL 


Emergence of seedlings 


temperature 

®C. 

Ontario strain 

1 Texas strain 

1 Check 

Corn 

Soybean 

Corn 

Soybean 

Corn 

Soybean 


% 

% 

% 

% 

% 

% 

21 

100 

86.6 

100 

100 

100 

86.6 

27 

100 

96.6 

100 

86.6 

100 

93.3 

33 

100 

100.0 

100 

100 

100 

93.3 


Maximum emergence of soybean seedlings took place on the 5th day after 
planting at 21° and on the 3rd day at both 27° and 33° C. 


(a) Corn 

• About the ninth day after planting, some of the corn seedlings in both 
inoculated and check soils at 33° showed a dying of the tips of the lower 
leaves, a general flaccidity, a necrotic condition of the stem just at the 
ground level and a badly rotted primary root system. Examination of 
and isolations from affected plants revealed the presence of Fusarium 
moniliforme Sheldon. Within 3 weeks, more heavily infected seedlings 
died, the number varying from 3 to 7 in the different containers at 33°. 
Seedlings apparently less heavily infected survived and together with 
those that seemed to have escaped infection developed into vigorous plants. 
Later, the same sequence, was observed in the 27° and 21° tanks but in 
less accentuated form and with lower mortality of seedlings. 

Although the intrusion of F, moniliforme had defeated the primary 
purpose of the experiment i.e., an evaluation of the parasitic capability of 
the two Macrophomina strains, nevertheless, a representative number of 
the corn seedlings grown at the different temperatures was removed from 
the check and inoculated soils and examined microscopically. Mycelium 
and sclerotia of both strains were found as follows: 

(a) sparingly in necrotic tips of a few secondary roots at 33°. 
ib) frequently in decaying pericarp and mesocotyl tissues at 27° and 
33°. 

(c) consistently and abundantly in coleoptile tissue (Figure 2) at all 
temperatures. 

In most cases F, moniliforme was also present in the tissues examined, but 
from coleoptiles especially, both Macrophomina strains were readily re¬ 
isolated in pure culture. Even when coleoptiles were badly rotted and 
showed an abundance of sclerotia no evidence of spread of infection to under¬ 
lying stalk tissu^ could be found. The evidence suggested that both 
strains should b^^garded as facultative parasites, apparently being able 
to attack certain tissues of the corn plant only in their later stages of senes¬ 
cence. Such parasitic capability as they did exhibit was more readily 
apparent at 33° than at the lower temperatures. The isolate of 5. bataticola 
used by Semeniuk (13) was perhaps a more aggressive parasite than 
those employed in the present studies. He reports that: “In’most of the 
seedlings in the infested soil, necrosis was severe in mesocotyl and primary 
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root’^ and that, “Sclerotia were observed extending along the seminal roots 
as much as 8 cm. from the seed. The development of necrosis began at the 
seed and progressed for varying distances along one or all members of the 
primary root system and along the mesocotyl. Secondary roots became 
infected following complete necrosis of the mesocotyl during the early 
development of the seedling.” In the present studies it was F. moniliforme 
that caused damage comparable to the above. Undoubtedly the seed used 
in the present studies carried in or on it a much greater amount of F. nw 7 iili- 
forme or a much more aggressive and virulent strain of the pathogen than 
that used by Semeniuk. The latter investigator intimated that, ‘‘The 
activity of S. bataticola apparently was influenced considerably by the anti¬ 
biotic activities of other soil organisms.” Perhaps in the present studies 
F. moniliforme was present in such quantity as to greatly modify the 
parasitic capability of the two strains of M. Phaseoli under test. 

(b) Soybean 

Two weeks after the vseeds wert sown examination was begun of the 
soybean seedlings as they were removed from the check and inoculated 
soils, and whenever there was any evidence of a diseased or abnormal 
condition isolations were made and razor sections stained with acid fuchsin 
in lacto-phenol were prepared for microscopic examination. 

No evidence of disease was found in roots of plants grown at 21° or 
27° in either check or inoculated vsoil. After ?> weeks roots of plants grown 
at 33° developed in general a more or less distinct brownish discoloration 
and frequently root tips tended to become necrotic. Neither by isolation 
from nor by microscopic examination of selected material could the dis¬ 
coloration or necrosis be correlated with the presence of any particular 
organism and it was decided that they were evidence of reaction on the 
part of the plants to a soil temperature considerably in excess of that 
conducive to optimum growth. 

On the underground f)ortion of the stems of plants grown for 3 weeks 
at 27° and 33°, and for 5 weeks at 21°, in the soils inoculated with the two 
strains of Macrophomina, grayish areas varying both as to number and 
size, and contrasting more or less distinctly with the surrounding healthy 
tissue, became visible. Prepared sections of epidermal and sub-epidermal 
tissues showed the presence of Macrophomina. Incipient infections showed 
mycelium only or mycelium with sclerotia in earlier stages of development 
(Figures 6 and 7) while in older infections mycelium had for the most part 
disappeared leaving only mature sclerotia (Figure 5). 

After surface sterilization of stems by immersing them for 30 seconds 
in a solution of ethyl alcohol and mercuric chloride (1 part 95% C-iHsOH 
in 4 parts 1 : 1000 HgCb) and imsing in sterile water, tissue plantings from 
grayish areas were made to acidified and non-acidified P.D.A. Apparently, 
such treatment was too drastic because nothing developed from the plant¬ 
ings. Thereafter, planting were made to the culture medium following 
only thorough washing of selected portions of stems under running tap 
water using a earners hair brush to facilitate removal of extraneous material. 
As a check, plantings were made also from presumably healthy tissue in 
close proximity to the affected areas. The results of the tissue transfers 
from the stems of 27 plants grown at the 3 different temperatures are 
summarized in Table 3. 



696 


SCIENTIFIC AGRICULTURE 


[Vol. 25 




July, 1935] 


HILDEBRAND ET AL.—CHARCOAL ROT OF SOYBEAN 


697 


It may be noted from Table 3 that Macrophomina was isolated from 
infected areas on stems in much higher proportion than from apparently 
healthy adjacent tissue (73.3% as compared with 19.8%). At the time 
the isolations were beini^ made it was noted that the representatives of the 
other genera of fungi recorded in Table 3 were obtained more frequently 
from larger, more distinct lesions that showed brownish-coloured necrotic 
tissue. All lesions, including the latter, remained relatively superficial. 
No stems were girdled and none of the plants with affected stems ever 
showed symptoms of disease on their above-ground j^arts. 'I'he grayish 
discoloured areas from which both strains of Macr()i)homina were con¬ 
sistently isolated often occurred within thi* zone of root proliferation. It 
was thought that fissures in the stem caused by the emergence of new roots 
might provide a convenient infection court. This possibility was carefully 
investigated but no confirmatory (‘vidiaice was obtained. The two strains 
of the fungus apfieared eciually capabh* of j loducing the type of i)rimary 
infection dcvscribed above. 

In the case of check plants grown in tlu* uninocnlated .soil at 21° and 
27°, the underground portion of the stems rc‘inaint‘d perfectly healthy. 
\\ ith the check plants grown at 33°. howevei*, tlii' underground portion of 
some stems showed indistinct, brownish-disi'oloured areas, from which 
Alternaria and Penicillinm wert‘ sometimes isolate'd. 

The above results indicate that in so far at l(‘ast as one variety of 
soybeans is concerned, the two strains (*xhibit somi‘ slight degree of primary 
parasitic capability, 'fhey are aggressive enough to infcrt the epidermal 
and sub-epidermal tissues of the underground ])ortion of the stem but 
possess sufficient virulence to cause only localized, superficial injury. 

Series 3.— Experiments in ivhich stems of corn nnd soybean plants were injured 
artificially and inoculated with the Ontario and I'exas strains 
respectively. 

In Series 2, a number of corn se(‘dlings had died, as described above, 
following early attack by F. moniliforme. A considerable number also of 
both corn and soybean plants liad been removed from the various con¬ 
tainers in the 3 tanks for examination as to infi*ction by M. Phaseoli. 
There still remained an appreciable number of each gro'ving in the soils at 
the three different temperatures and it was decided to utilize them in a 
third series of stem inoculation studies. ('onsequently, using all available 
plants, the technique employed in Series 1 was repeated, the wounds being 
made as clo.se to the .soil level as possible. An 8-day-old plate culture of 
the Ontario strain obtained directly from the original field si)ecimen served 
as a source of inoculum for the cxirn and soybean plants growing in the soil 
that in Series 2 had been inoculated with the same organism. Sixteen- 
and 21-day-old cultures of the Texas strain were used to inoculate the 
plants growing in the soil that had been already infested with that strain 
in Series 2. The inoculations were made January 13-15, 1945, when the 
plants were about 55 days old and they were left undisturbed until March 6. 
On the latter date all plants were removed from the containers and 
examined. The numbers of plants involved, their disposition and the 
results obtained are summarized in Table 4. 
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Table 4.—Results of infection experiments involving artificial injury and 

INOCULATION OF STEMS OF CORN AND SOYBEAN PLANTS WITH 

Ontario and Texas strains of M. Phaseoli 



Corn 

Soybeans 

Totals 

Soil 

tempera¬ 
ture ® C. 

Number and condition of 

Number and condition of 



Inocu¬ 
lated 
plants 1 

Check 

plants 

Inocu¬ 

lated 

plants 

Check 

plants 

Inocu- 1 
lated 
plants 1 

Check ] 
plants 

Inocu¬ 

lated 

plants 

Check j 
plants 1 

Inocu¬ 

lated 

plants 

Check 

plants 


1 

Ontario strain 

Texas strain 

Ontario strain | 

Texas strain 



33 

3*/4** 

0/3 

0/6 

0/4 

4/12 

1/7 

0/6 

0/4 

7/28 

1/18 

27 

3/7 

0/4 

1/8 

0/5 

3/13 

1/8 

0/7 

0/4 

7/35 

1/21 

21 

1/7 

0/5 

0/9 

0/5 

0/15 

1/8 

0/8 

0/5 

1/39 

1/23 

Totals 

7/18 

0/12 

1/23 

0/14 

7/40 

3/23 

0/21 

0/13 

15/102 

3/62 


• “Numerator” in each case denotes number of plants infected with M. Phaseoli. 

** “Denominator" in each case denotes number of injured check and inoculated plants. 


If reference is made to Table 4 it will be noted that altogether only 18 
plants, 8 corn and 10 soybeans, became infected with M. Phaseoli. Since 
16 of the 18 infected plants were growing in the warmer soils at 27® and 33®, 
and since the inoculations had been made at a point low enough on the 
stems to be within the zone of influence of heat radiated from the soil, it 
would seem that temperature might have been a factor influencing infec¬ 
tion. It may be further noted that with a single exception all of the plants 
that became infected had been inoculated with the Ontario strain of the 
organism. This would suggest difference in specificity on the part of the 
two strains. From column 7 of the table, it will be seen that 3 of the 
check plants became infected. These were among plants grown in con¬ 
tainers the soil of which had been inoculated with the Ontario strain in 
Series 2, so that infection likely took place from the soil. 

Occurrence of sclerotia on the stems as revealed by examination with 
the dissecting microscope was the basis for determining infection of plants. 
If more critical meth 9 ds had been adopted such as those employed by 
Weimer (14) the number of infected plants might have been found to be 
greater. Weimer noted that whereas some plants of Chamaecrista grown 
in soil infested with M. Phaseoli died in earlier stages of their development, 
others survived and showed little or no evidence of infection. When, 
however, such plajj|s were disinfected and segments numbered from the 
root upwards were planted on agar plates, the fungus was recovered from 
many plants, sometimes from segments taken as high as 3 inches above 
the ground. Thus, it is possible that more than 15 (= 14.7%) of the 102 
injured and inoculated corn and soybean plants—more especially, perhaps, 
those inoculated with the Ontario strain—may have been infected internally 
and that such infection might have become apparent if the plants could 
have been left to come to full maturity. 
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MORPHOLOGICAL AND CULTURAL CHARACTERISTICS OF THE 
ONTARIO AND TEXAS STRAINS 

In the present invesigation no attempt was made to study the two 
strains in complete detail. There were noted, however, certain morpho¬ 
logical and cultural characters of each on which an accurate though limited, 
description and comparison may be based. 

Mycelium 

Comparison of the two strains on a basis of their mycelial charac¬ 
teristics was not attempted. In plate cultures on potato dextrose agar it 
was observed that the Texas strain differed from the Ontario strain in the 
presence of narrow-pyramidal tufts of flocculent aerial mycelium, grayish 
in colour near the surface of the medium and becoming lighter to almost 
white towards the apex of the tufts. 

Pycnidia 

Neither strain has produced pycnidia in culture or on the stalks of 
corn, tomato and soybean plants sterilized with steam. Apparently to 
date only in two instances both recorded by Haigh (4, 5) have pycnidia of 
M. Phaseoli been obtained in culture. 

As mentioned earlier in the present paper, pycnidia did appear, how¬ 
ever, on the stems of 4 soybean plants grown in the greenhouse, about 6 
months after they had been injured and inoculated with the Ontario strain 
of the fungus. When these plants were being examined under the dissect¬ 
ing microscope, it was noted that, scattered here and there among the more 
readily-recognizable sclerotia, were slightly larger black bodies that in 
contrast to the sclerotia appeared to be exerting pressure on and breaking 
through the epidermal tissues. These more conspicuous bodies were found 
to be pycnidia possessing an inconspicuous truncate ostiole and a mem¬ 
branous to subcarbonaceous wall. Globose to depressed globose in shape, 
they were found to vary from 100 to 200/x. 

Conidia 

(a) Shape and Size 

The conidia are borne on simple, rod-shaped conidioj)hores up to 15/x 
in length, that arise from the entire inner surface of mature pycnidia. 
From Figure 3 it may be seen that the hyaline, non-seplate, thin-walled 
conidia are variable in shape, oval or elliptical. Prominent in the granular 
contents of most of them are oil globules, one to several per .spore. Two 
hundred spores in a suspension from 5 different pycnidia were measured 
and were found to range in length from 12.6 to 28/x, in width from 8.4 to 
10.5/x, with a mean of 21.0 X for these two dimensions, respectively. 
Eighty-eight per cent of them were found to be between 18.9 and IS.Ijjl 
long while 85% were between 8.4 and 9.8)U wide. Ashby (1) comments 
that '‘The variations in spore size on the same host may be considerable, 
Shaw giving as a maximum range on jute in India, 16-29X6-11/x and Sawada 
for the same host in Formosa, 16-32 X 7-10/x; the dimensions fall mostly 
between 16-29 X 6-9jU.” 

(b) Germinating Capacity 

Spores suspended in tap water or flooded on standard potato dextrose 
agar germinate in from IJ^ to 2 hours at ordinary laboratory temperature 
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(Figure 4). Well-formed sclerotia were visible within 46 hours in colonies 
of mono-conidial origin growing in plate cultures on potato dextrose agar. 
Later when these sclerotia had reached maturity they were found to be 
indistinguishable from those produced in cultures originating from sclerotia 
taken directly from the host. Thus the genetical connection between the 
conidial and sclerotial stages of the fungus was definitely established by 
the pure-cullure method. 

In connection with the above it may be mentioned here that from 
1924 when Wolf and Lehman (16) intimated briefly that “work is in 
progress on a root disease (of soybeans) with which Sclerotium bataticola is 
associated” until 1943, there are comparatively few references in North 
American literature to the incidence of charcoal rot on soybeans. During 
1943 and 1944, however, many reports of the occurrence of the disease on 
this host in the United States have appeared. Of some 30 more recent 
reports consulted by the writers only in four of them (2, 8, 10, 11) is any 
mention made of the pycnidial stage, and in these the connection between 
the pycnidial and the sclerotial stage is apparently assumed on the basis 
of proximity of association of the two. Prior to the present studies the 
definite connection between the two stages of the organism occurring on 
soybeans does not seem to have been established by cultural methods. 

Sclerotia 

(a) Shape and Size 

The sclerotia of the two strains, small black, shiny bodies are in¬ 
distinguishable microscopically. Their shape is modified slightly by the 
substratum in or on which they develop. In agar cultures or on the 
surface of stems they tend to be globular, oval or pear-shaped. In the 
cortical tissues of the soybean plant in which the Ontario strain was first 
noted most of the sclerotia were slightly flattened. In determining size 
of sclerotia it was found necessary to record their diameters on a two- 
dimensional basis. Over 1000 sclerotia of the two strains from both 
natural and artificial substrata were measured. Data in connection with 
these measurements are summarized in Table 5. 


Table 5.—Size of sclerotia of Ontario and Texas strains on both 

NATURAL AND ARTIFICIAL SUBSTRATA 




Sclerotia 

Strain 

Substratum 

No. 

measured ^ 

Average size 

Ontario 

Sub-cpidermal tissue of original field specimen 

155 

Microns 

89.6 X 74.8 

Ontario 

of soybean 

Peripheral zone of 25-day-old mono-sclcrotial 

147 

99.7 X 89.7 

Ontario 

P.D.,j|Jjplate culture. 

Central zone of 25-day-old mono-sclerotial 

153 

100.8 X 89.7 

Ontario 

P.D.A. plate culture. 

Random selections from 25-day-old mono- 

150 

99.4 X 88.9 

Ontario I 

conidial P.D.A. plate culture. 

Stem of inoculated, greenhouse-grown soybean 

155 

91.3 X 76.8 

Texas 

plant. 

Peripheral zone of 25-day-old mono-sclerotial 

143 

•84.8 X 72.2 

Texas 

P.D.A. plate culture. 

Central zone of 25-day-old mono-sclerotial 

150 

86.1 X 73.8 


P.D.A. plate culture. 



M\(H‘liuni, p\cnosport‘s and sclcrotia of M. Pliaseoli. 1. ScKaotia ol 

Ontario strain in rortic'al tissiK*s of naturally-inffctcd lu*ld sj)(‘riim*ii of M)\l)can (Xli). 
FkiUKK 2. Sck'rotia of Ontario strain in colroptilc of corn (X7()). I'K.i ki-. d. l*\cno' 
spores of Ontario strain (X40()). FuirKK 4. (icrininatinij: pvcnosporcs ot Ontario 
strain after 2 hours in tap water (X40()). Fu.orf 5. Stlerotia of I'exas strain in suh- 
epidernial tissues ot stiMii of soN’Inan (XVO). h't(.i^KKs 6 and 7. Incipii-nt inh etio?! t)\ 
(intario strain in stem of so\bean showing nuceliurn and sclerotia in earl\ st.n^^^ ot 
development (X7f)). 




Plate II 



Fkjurk 8. T\v(*nty-si\-(iay-old cultures of Ontario (left) and Texas (right) strains 
of M. Phaseoli on potato dextrose agar. 
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If reference is made to Table 5 it may be noted that the sclerotia of 
the Ontario strain on the original field specimen of soybean and on the 
stems of inoculated plants in the greenhouse measured 89.6 X 74.8/1 and 
91.3 X 76.8/4, respectively, with an average size of 90.4 X 75.8/4. On 
P.D.A. plate cultures, sclerotia of the same strain whether of mono- 
sclerotial or mono-conidial origin, averaged 99.9 X 89.4/4. Thus, the 
Ontario strain produced larger sclerotia on the artificial medium than on 
the natural substratum. On P.D.A. plate cultures, sclerotia of the Texas 
strain averaged 85.4 X 73.0/4. Thus, they are appreciably smaller than 
those of the Ontario strain on the same substratum. Not only are they 
smaller but they occur in greater numbers per unit area or volume of 
medium. The effect of this greater density of smaller sclerotia is that the 
Texas strain appears much darker in colour than the Ontario strain. As 
is clearly shown in Figure 8, this may be of diagnostic significance. 

(b) Germinating Capacity 

On frequent occasions from August, 1944, until April, 1945, sclerotia 
from the original Macrophomina-infected field specimen have been trans¬ 
ferred to plates of both acidified and non-acidified P.D.A. Over this 
8-month period the sclerotia have never failed to germinate quickly and 
to the extent of practically 100%. In making the transfers it was noted 
that small bits of plant tissue often adhered to a sclerotium. Thus, it 
would not seem impossible that in an appreciable number of cases the 
organism might originate not from the sclerotium but from the adhering 
plant tissue. To investigate this possibility, 25 minute particles of freshly 
exposed sub-epidermal tissue in close proximity to sclerotia were transferred 
to plates of acidified P.D.A. from the infected field specimen. In not a 
single instance was there any development of fungal growth. 

In a second test, 25 sclerotia were transferred to acidified P.D.A, from 
host material after it had been immersed for 30 seconds in an alcohol- 
mercuric chloride solution (I part 95% C^HbOH to 4 parts 1 : 1000 
HgCb) and rinsed in sterile water. Within 24 hours over 90% of the 
sclerotia had germinated. In a third test the period of immersion was 
increased to 60 seconds and in this case only 3 of a total of 25 sclerotia 
germinated. The results of the above three tests indicate that capacity 
for germination is inherent in the sclerotia themselves. 

Sclerotia of both strains grown on artificial media have shown weak 
and erratic capacity for germination as compared with those taken directly 
from the field specimen. Furthermore, there seems to be correlated with 
increasing age in culture a decreasing capacity for germination on the part 
of sclerotia of both strains. These statements are based on evidence 
obtained as follows. Fifty sclerotia of the Ontario strain obtained directly 
from the infected field specimens and 50 sclerotia of each of the two strains 
taken from 11-, 21-, and 31-day-old P.D.A. cultures, were transferred to 
plates of P.D.A. (25 sclerotia per plate) and incubated at 27° C. The 
plates were examined at definite intervals and germination counts taken, 
with results as shown in Table 6. 

An examination of Table 6 reveals the following points: (a) all the 
sclerotia taken directly from the field specimen germinated within 18 
hours; (b) whatever the source, no sclerotia germinated after 42 hours; 
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Table 6.—Comparison of germinating capacity of sclerotia from the host 
AND from artificial CULTURES OF DIFFERENT AGE 


Test 

Strain 

Source of sclerotia 

Number 
of sclerotia 
examined 

Germination of sclerotia 

Periodic increments 

Total 

18* 

26 

42 

66 

90 





% 

% 

% 

% 

% 



Ontario 

Soybean, field specimen 

50 

100 

— 

— 

— 

— 

10 

t 

Ontario 

11-day P.D.A. culture 

50 

38 

14 

6 

0 

0 

58 


Texas 

11-day P.D.A. culture 

50 

34 

8 

2 

0 

0 

44 


Ontario 

Soybean, field specimen 

50 

100 

— 

— 

— 

— 

100 

2 

Ontario 

21-day P.D.A. culture 

50 

24 

10 

6 

0 

0 

40 


Texas 

21-day P.D.A. culture 

50 

18 

6 

9 

0 

0 

33 


Ontario 

Soybean, field specimen 

50 

100 

_ 

_ 

_ 

_ 

100 

3 

Ontario 

31-day P.D.A. culture 

50 

16 

8 

6 

0 

0 

30 


Texas 

31-day P.D.A. culture 

50 

0 

0 

0 

. 0 

0 

0 


* Hours after transfer. 

(c) sclerotia of the Ontario strain exhibited a consistently higher capacity 
for germination than those of the Texas strain; (d) increasing age of culture 
had a depressing effect on the germinating capacity of both strains, the 
effect being more marked, however, in the case of the Texas strain. 

IDENTIFICATION OF THE ONTARIO AND TEXAS STRAINS 
Ontario Strain 

On a basis of the morphological characters of its pycnidia, conidia 
and sclerotia, on both natural and artificial substrata, the Ontario strain 
can be definitely identified as Macrophomina Phaseoli (Maubl.) Ashby. 

Texas Strain 

Although the pycnidial stage of this strain was not observed, neverthe¬ 
less. measurements of sclerotial diameter in culture were all, in their means, 
under the minimum of 120/x permitted for inclusion in Haigh’s (5) group C, 
indicating their similarity in respect of size to the fungi recorded from many 
widespread areas as Macrophomina Phaseoli, 

The designation of the isolates from soybean and from cotton as 
strains of M. Phaseoli, throughout the present paper, is jlistified, if not on 
a basis of their specific host preferences, then on the differences in their 
morphological and cultural characters to which attention has been directed. 

^ DISCUSSION 

In 1931, after reviewing the literature relating to the parasitism of 
M, Phaseoli, West and Stuckey (15) stated that, “As the evidence stands, 
there is not sufficient proof in any direction. Thus Small and Reichert 
have obtained positive infection experiments. Hansford and Weir report 
negative results. The American workers on the other hand describe 
inoculations indicating weak parasitism.’* Following their own compre- 
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hensive studies of the parasitism of M. Phaseoli on cotton and jute, the 
above-mentioned workers concluded that under normal conditions the 
fungus is not a parasite but that under very moist conditions it will attack 
jute seedlings. They found further that cotton plants growing in soil 
deficient in humus may become susceptible to M. Phaseoli during a definite 
period and that under controlled conditions young cotton plants are 
susceptible to the organism for a certain period of time after artificial 
defoliation. They found that with defoliated cotton plants, there is a 
certain correlation between susceptibility and the presence or absence of 
starch in the tissues. They were led finally to conclude that M. Phaseoli 
is a facultative parasite, such parasitic capability as the organism does 
display being bound up with the physiology of the host, the host and its 
environment being implied. 

In general, the findings and conclusions of the present writers tend 
to be more closely in accord with those of West and Stuckey than with 
those of several other investigators. In the first series of tests in which 
stems of soybean plants growing in the greenhouse were artificially injured 
and then inoculated with the isolate of M, Phaseoli obtained from soybean, 
infection appeared and spread rapidly only after the plants had reached 
the later stages of senescence. Here, infection seemed correlated primarily 
with physiological changes within the host rather than with any particular 
factor of the environment. In the second series of tests in which corn and 
soybeans were grown in sterilized soil ‘artificially infested with isolates of 
M, Phaseoli obtained from soybeans and from cotton, respectively, under 
controlled conditions at temperatures considered optimum and above and 
below optimum for these plants, the impression was strengthened in so far 
at least as corn was concerned that such parasitic capability as the two 
isolates did display was of the facultative type, their attack on certain 
tissues (pericarp, mesocotyl, coleoptile) being associated with the senes¬ 
cence or near senescence of these tissues. In attacking the underground 
portion of the stems of soybean plants and producing superficial, grayish- 
coloured areas of infection, the two strains displayed definite, though 
limited, capability as primary parasites. Since infection appeared two 
weeks earlier on the stems of plants grown at 27° and 33° than on those 
grown at 21°C., temperature was undoubtedly one of the factors interacting 
with others in the host-pathogen-environment complex. The correlation 
between temperature and infection was more clearly indicated in Series 3 
where, of a total of 18 plants (8 corn and 10 soybeans) that became infected, 
16 (= 88.8%) were growing in the warmer soils at 27° and 33° C. Refer¬ 
ring in this connection to work donf‘ elsewhere, it may be pointed out that 
in 1933 Kendrick (7) reported that in California epiphytotics of a destruc¬ 
tive stem blight of seedling beans caused by M. Phaseoli in its sclerolial 
stage coincided with the emergence of seedlings during or immediately 
following periods of 10 days or more with a mean air temperature of 80° F. 
or above and a daily maximum of about 100°. In connection with inocula¬ 
tion tests involving bean seedlings grown in pots of sterilized inoculated 
soil Kendrick states, “The results show that Rhizoctonia hataticola may 
cause a destructive blight of seedling beans and thus corroborate the 
theory suggested by the field observations, i.e., that high temperatures are 
necessary for infection.” 



704 


SCIENTIFIC AGRICULTURE 


[Vol. 25 


In the present studies it was found that sclerotia of the isolate from 
soybean produced in culture showed weak and erratic capacity for germina¬ 
tion as compared with those taken directly from the infected field specimen. 
Moreover, sclerotia of both strains showed an apparent loss .of viability 
that increased with age in culture. Sclerotia from a 31-day-old culture 
of the cotton isolate showed complete loss of viability. In the papers 
consulted by the present authors no reference has been found to this 
phenomenon of loss of viability of sclerotia of M. Phaseoli in culture. To 
date no attempt has been made to determine its cause. Its detection 
suggests that only young cultures should be used as source of inoculum in 
pathogenicity tests. In a series of 10 experiments Haigh (5) injured and 
inoculated the stems of 495 plants representing several different genera 
and species, with isolates of M. Phaseoli obtained from sources as widely 
separated as Ceylon and the United States. In the first 8 experiments, of 
359 plants involved only 43 (= 11.9%) became infected. In the last two 
experiments, 136 plants were injured and inoculated and 97 (= 71.3%) 
became infected. In the last two experiments Haigh used as inoculum 
mycelium of 2- and 3-day old cultures. Unfortunately he gives no indica¬ 
tion of the age of the inoculum employed in the first 8 experiments. If he 
had happened to use older cultures that might be one reason why such a 
relatively small number of plants became infected. It should be pointed 
out that in the two sets of experiments as indicated above, there was 
‘‘overlapping** not only of the same host plants but also of the isolates of 
the fungus used as inoculum. Haigh comments, “The fungus Macro- 
phomina Phaseoli has been shown to be extremely plastic in culture. It 
may be that a similar plasticity in its pathological reaction will account* 
for the inconsistency of experimental results obtained by the present writer 
and others.** Could “plasticity** in the pathological action of the fungus 
in some cases be accounted for by the use of inoculum that, differing in age, 
differed correspondingly in the viability of sclerotia of which in part at 
least it must have been composed? 

Semeniuk (13) found that “the activity of S, bataticola apparently was 
influenced considerably by the antibiotic activities of other soil organisms** 
and Weimer (14) drew attention to the fact that “the pathogenicity of the 
fungus on the same host is quite variable in different localities.** 

From the foregoing it may be adjudged that a study of the patho¬ 
genicity of M» Phaseoli on a particular host could and probably would 
involve consideration of a number of entirely different yet closely inter¬ 
related factors. The present studies have indicated that if, for example, 
the host were soybeans then such factors as age not only of plants to be 
inoculated but also of the inoculum to be used and soil temperature would 
have to receive especial consideration. 

SUMMARY 

Two isolates of Macrophomina Phaseoli^ one (the Ontario strain) 
obtained locally from a field specimen of soybean exhibiting typical 
symptoms of charcoal rot, the other (the Texas strain) from a diseased 
cotton plant from Texas, have been compared morphologically and tested 
as to their pathogenicity on soybean (variety A. K. Harrow) and corn 
(inbred line Hy). 
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When stems of soybean plants growing under ordinary conditions in 
the greenhouse were artificially injured and inoculated with the Ontario 
strain, the latter acted as a facultative parasite, showing ability to infect 
the plants only as they approached senescence. Pycnidia as well as the 
more-commcniy-occurring sclerotia were produced on a few plants. 

When corn and soybeans were grown at controlled temperatures of 
21®, 27° and 33° C., in sterilized soil inoculated with the respective strains, 
such parasitic capability as both strains displayed was, in the case of corn, 
of the facultative type. In attacking the underground portion of the 
stems of soybeans and producing thereon characteristic, grayish-coloured 
areas of infection, the two strains displayed definite, though limited, 
capability as primary parasites. Infection appeared earlier on plants 
grown at the two higher temperatures. 

When under controlled conditions similar to the above, the stems of 
corn and soybean plants were injured and inoculated at the soil level with 
the two strains, of a total of 102 inoculated plants 15 (8 corn, 7 soybeans) 
became infected. Fourteen of the latter were among thOvSe grown at 27° 
and 33°, thus reaffirming a correlation between temperature and infection. 
Since 14 of the 15 affected plants had been inoculated with the Ontario 
strain, there was a suggestion of host specificity on the part of the latter. 
Parasitism in all cases was of the facultative type. 

In culture neither strain produced pycnidia but these did appear on 
certain of the greenhouse-grown soybean plants inoculated with the Ontario 
strain. Pycnidia and conidia are described. Cultures of mono-conidial 
origin produced the sclerotial stage. Thus, by the pure culture method 
was established for the first time the genetical connection between the two 
stages of the organism occurring on soybean and on the basis of the mor¬ 
phology of its pycnidia, conidia and sclerotia it was definitely identified as 
M, Phaseoli. 

The two strains have been differentiated on the basis of difference in 
size and number of sclerotia produced in culture. Sclerotia of both strains 
showed an apparent loss of viability that increased with age in culture. In 
marked contrast, sclerotia from the original soybean herbarium specimen 
showed no loss of viability after 8 months. 

The parasitism of M, Phaseoli in relation to certain biotic and abiotic 
factors has been discussed. 
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A SEED DISPENSER—DEVICE FOR MEASURING SEED 
BY VOLUME FOR ROD ROW PLOTS' 

C. H. Gouldkn- 

Dominion Laboratory of Cereal Breedin<^, Winnipef:^, Manitoba 
[Received for public.ition June 7, l‘>45] 

The device described was developed in order to speed up and reduce 
the work of packatj:ing seed for rod row plots. 
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Figure 1. Details ot v onstruction of seed dispenser 

In order to make rod row plots of different varieties or treatments 
comparable they should be soAvn as nearly as possible with the same number 
of germinable seeds. Previous to the development of the seed dispenser, 
the procedure followed at this laboratory was first to determine experi¬ 
mentally the average weight of the number of seeds required and then to 
weigh out the seed for each package. This method was slow and measure- 

1 Contribution No. t34 from the Cereal Division, Dominion Department of Agriculture. 

> ^nior Agricultural Scientist. 
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ment by volume using cups of varying sizes to dip out the seed was found 
to be much faster and nearly as accurate as weighing. The next logical 
step was to make a device that would measure volumes of seed quickly 
and accurately. After trying various designs the one described was found 
to be very satisfactory. A number of these have been manufactured at 
the Central Experimental Farm at Ottawa under the direction of Mr. 
J. G. C. Fraser, for distribution to Dominion Experimental Stations in 
Canada. 


DESCRIPTION 

The basic principle of the device is extremely simple. There is an 
upper and a lower section of square tubing. The upper one slides inside 
of the lower one and in each section there is a slide to open up or cut off 
the flow of seed. Rubber bands hold the slides closed. Pressure on the 
upper slide allows the seed to flow through and fill up the tube as far as 
the lower slide. The upper slide is then released and the required volume 
of seed is then contained in the tube between the two slides. Pressure on 
the lower slide allows the seed to flow out and on releasing the lower slide 
the machine is ready for the next load. The volume of seed measured is 
adjusted by sliding the upper tube in and out of the lower one. 

Figure 2 illustrates the seed dispenser in use showing the stand to 
which it is attached and the large tin funnel which holds the bulk seed. 
The dispenser slides are operated with two fingers of one hand leaving the 
other hand free to place envelopes under the delivery spout and to remove 
them when filled. Envelopes containing sufficient seed for one rod row 
plot can be filled at approximately 300 per hour. 

Details of construction are given in Figure 1. Dimensions can be 
obtained from the drawing by reference to the millimeter scale. The 
dimensions are not critical as there is sufficient adjustment to allow for 
constructional variations. The particular machine described is designed 
for use with wheat, oats, and barley. A somewhat smaller machine would 
be more suitable for flax and a larger one for peas or beans. 

The material used for the framework of the seed dispenser is sheet 
celluloid approximately 2.5 millimeters thick. Canadian Industries 
Limited supply this material under the trade name of Pyralin. The exact 
thickness of the material is not critical but it should not be less than 2 
millimeters as thin .material will warp badly in warm weather. Material 
thicker than 2.5 millimeters is rather difficult to work. TJie celluloid parts 
are welded by means of a cement with an acetone base. A satisfactory 
cement is 40% amyl-acetate and 60% acetone. 

Celluloid has distinct advantages as compared to metal for making 
devices of the jipd described. It is more easily cut and welded and its 
transparency is an advantage in a device such as the seed dispenser where 
it is desirable to be able to watch the flow of seed. 

Two details should be added that are not shown in Figure 1. In the 
first place it is necessary in order to have sufficient range for the measure¬ 
ment of wheat, oats and barley to make a square inner tube about 40 
millimeters long to fit inside of the tube of the upper section. Normally 
this will be used when measuring wheat but will be out for oats and barley. 
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Figure 2. Seed dispenser in operation 
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In the second place a suggestion made by Mr. J. G. C. Fraser should be 
incorporated. This is a threaded rod with a knob or knurled head at one 
end, for adjusting the volume. A rod of about 3/16 inches in diameter is 
suggested. The best arrangement seems to be to attach the rod by means 
of collars to the lower slide assembly and thread it through a portion of the 
upper slide assembly. Additional celluloid strips can be welded to the 
slide assemblies for this purpose. In the model shown in Figure 1, adjust¬ 
ments were made by means of a set screw in the block of celluloid shown 
attached to the lower section. This method is not entirely satisfactory as 
the set screw tends to push the tube of the upper section out of shape. 

Anyone who has not handled sheet celluloid would be well advised 
before starting to build one of the seed dispensers, to practise for a short 
time at cutting and welding. The material can be cut by scoring deeply 
and then breaking. The edges must then be filed smooth before fitting 
the parts together. The cement is applied freely to the parts to be welded 
and these are held firmly in place until the cement has hardened. 
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IDENTIFICATION OF GRAIN SAMPLES OF HARD RED SPRING 
WHEAT VARIETIES GROWN IN WESTERN CANADA* 

R. F. Peterson’, A. J. Lejeune’ and H. C. Laidlaw* 

[Received for publication June 20, 1945] 

It is frequently necessary for those en^a^ed in the production, handling, 
marketing, grading or testing of grain, either as commercial grain or as 
seed, to be able to identity samples as to variety. Several years ago 
instruction on this subject was instituted as part o? an agricultural short 
course given annually by the Division of Plant Science of the University of 
Manitoba, and the writers were asked to prepare a suitable outline for 
hard red spring wheat. This was provided in the form of a mimeographed 
table. As requests for copies of this table have been received from time 
to time from individuals and from groups interested in wheat, it was 
thought desirable to publish it. 

The outline was prepared originally for the use of farmers, several men 
employed in the grain trade and others engaged in grain grading and seed 
testing, all of whom attended the above-mentioned course. The purpose 
of the outline is to provide a rapid visual method of identifying grain 
samples of hard red spring wheat varieties commonly occurring in Western 
Canada, involving a minimum of measurement or statistical work. 

MATERIALS AND DEVELOPxMENT OF METHODS 

The varieties selected for study are listed with their Canadian Accession 
Numbers in Table 1. Renown and Regent are resistant to stem rust and 


Table 1.—Spring wheat varieties and crosses from which they were derived 


Variety 

Canadian 
accession number 

Cross from which derived 

Marquis 

1396 

Hard Red Calcutta X Red Fife 

Reward 

1509 

Marquis X Prelude 

Renown 

1915 

H-44* X Reward 

Regent 

Thatcher 

1938 

H-44* X Reward 

1820 

(Marquis X lumillo) X (Marquis X Kanred) 

Apex 

1857 

(H-44 X Double Crossf) X Marquis 

Garnet 

1316 

Preston A X Riga M 

Red Bobs 

1637 

Selected from Early Triumph which appeared to be 
from a natural cross between Hobs (white-kerncled) 



and a red-kerncled variety. 


• H-44 was derived from the cross Yaroslav Emmer X Marquis. 

t Double Cross was derived from the cross (Marquis X lumillo) X (Marquis X Kanrcd). 


leaf rust: Thatcher and Apex are resistant to stem rust only; and the 
remaining varieties are susceptible to both rusts. Excellent publications 
(1, 3, 4, 5) are available dealing with identification of these varieties using 
the main characteristics of the plant as a whole including the grain. A 
comprehensive review of literature on identification of wheat species and 
varieties is given by Clark and Bayles (1). 

1 Joint contribution from the Cereal Division, Experimental Farms Service, Dominion Department of 
Agriculture; the Division of Plant Science, University of Manitoba; and the Crop Testing Plan, Winnipeg, 
Manitoba. Published as Paper No. 135 of the Cereal Division, Experimental Farms Service. 

* Senior Assistant Agricultural Scientist, Dominion Laboratory of Cereal Breeding, Winnipeg, Manitoba. 

* Lecturer, Division of Plant Science, University of Manitoba. 

< Assistant Director, Crop Testing Plan, Winnipeg, Manitoba. 
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Four of these wheats (Marquis, Reward, Garnet and Red Bobs) were 
included in studies of eleven varieties by Fraser and Gfeller (2) dealing 
with phenol reactions of spikes and kernels, and with a number of morpho¬ 
logical characteristics of kernels. These authors dealt with depth and 
length of kernel, length of germ, and the angle at which the germ is set, 
pointing out that in Garnet wheat the germ is '‘set into the body of the 
kernel at a more acute angle than any other common wheat usually 
associated with it in the trade in Canada.” 

It should be noted here that some of the rust resistant wheats have 
been modified by selection since they were described in the publications 
mentioned above. The strain of Regent originally distributed and described 
was C.A.N. 1902 whereas the strain now commonly grown is C.A.N. 1938. 
(The corresponding accession numbers at the Dominion Laboratory of 
Cereal Breeding, Winnipeg, are R.L. 975.1 and R.L. 975.6). C.A.N. 1938, 
developed from a single plant selection of C.A.N. 1902, has a smaller, 
smoother kernel than the latter and produces samples of better colour and 
higher weight per measured bushel. Further improvement in colour and 
weight per measured bushel has been made by reselection within C.A.N. 
1938. A new foundation stock accessioned at Winnipeg as R.L. 975.26 
and at Ottawa as C.A.N. 3616 is expected eventually to replace C.A.N. 
1938 in the country. 

The original Renown C.A.N. 1856 (known also as R.L. 716) was 
replaced in a similar manner by the selection C.A.N. 1915 (R.L. 716.6) 
which was superior in leaf rust resistance, strength of straw, yield and 
quality, but in this case there was little change in kernel characteristics 
except for greater uniformity. 

The stocks of Thatcher and Apex now grown in Western Canada are 
also more uniform in kernel characteristics than those originally distributed. 

As the present study was confined to visual examination of the grain 
it was found necessary to make use of a larger number of kernel charac¬ 
teristics than is normally used in identification of the plant as a whole. 
Therefore in preparing the outline presented in this paper a large number of 
samples grown in Western Canada over a period of years was studied. In 
some cases complete sets of the eight varieties listed in Table 1 were grown 
under comparable conditions and samples were available for study. 

In addition, a collection of samples was provided by Mr. F. S. Ludlam, 
Chief Grain Inspector, Inspection Branch, Board of Grain Commissioners 
for Canada, Winnipeg. Mr. Ludlam greatly assisted in pointing out the 
grain characteristics which he and his staff had found most useful in identi¬ 
fication work, and a number of these have been incorporated in the present 
outline. ^ 

The main difficulties met with in this work were due to (a) the close 
genetic relationship of most of the varieties and (b) the effect of environ¬ 
ment on grain characteristics. As shown in Table 1, the first six varieties 
consist of Marquis and its derivatives. Accurate identification within this 
group is often difficult, but it is usually relatively easy to recognize samples 
of the remaining two wheats. Garnet and Red Bobs. Environment affects 
all kernel characteristics, causing a range of variation within varieties; and 
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these varietal ranges overlap to a great extent. This is illustrated strik- 
ingly in a coloured plate of Marquis kernels presented by Newman and 
Fraser (3). In addition to ordinary variations in soil and climate from 
district to district, disease, drought, or poor growing conditions of any 
kind tend to obscure varietal differences. However the use of a combina¬ 
tion of a relatively large number of characteristics for identification work 
reduces markedly the uncertainty of identification due to obscure or over¬ 
lapping characteristics. 

Wheat varieties can be identified more easily and accurately from 
whole plants or heads than from grain samples alone. The methods which 
follow are therefore intended for use only when nothing but grain samples 
are available for study. 

IDENTIFICATION OF WHEAT SAMPLES 

Table 2 presents the outline prepared for use in identifying wheat 
samples and Figure 1 shows photographs giving four views of representative 
kernels of each variety. Accurate identification depends mainly on 
experience and familiarity with the material. The outline presented here 
cannot take the place of such experience but can only serve as an aid and a 
guide. It is therefore recommended that, for all varieties discussed above, 
samples of known identity as well as the photographs in Figure 1 be 
examined with reference to Table 2 before attempting to use this table to 
identify unnamed samples. At first all varieties should be examined and 
compared with respect to individual characteristics, e.g. seed colour. Next 
the characteristics of each variety are studied collectively. With sufficient 
experience of this kind, a composite mental picture of the characteristics 
of grain samples of each variety will be developed, and rapid identification 
work becomes possible. At the best, however, a degree of error will always 
remain due to the difficulties already enumerated. 

Because of the use for which Table 2 was originally intended the 
writers have purposely avoided the use of measurement. In presenting 
such quantitative terms as “short,” “mid-long,” etc., without defining 
them in terms of actual units of measurement, it is assumed that the 
operator will examine samples of known identity and set up approximate 
mental standards. In the study of length of kernel, for example, average 
Garnet or Renown samples will be taken as “mid-long” and average Red 
Bobs pr Marquis samples as “short.” These concepts then become the 
standards in dealing with samples of unknown identity. This method has 
been found practicable because the people for whom the outline has been 
prepared are already familiar in a general way with the range of variation 
of colour, kernel size, etc. of wheat samples produced in Western Canada. 

Definitions of the various quantitative terms in units of measurement 
are given by Clark and Bayles (1). The terminology of the present paper 
will be found to agree in general with that of these authors. Differences 
will be found to occur, however, because of the two publications being 
based on samples grown in different environments. 

The description of Regent given in Table 2 holds equally well for 
C.A.N. 1938 and the newer Foundation Stock C.A.N. 3616. 



Table 2.—Kernel characteristics of common wheat varieties 
(C haracteristics most useful in identifying varieties are set in italics) 
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DISCUSSION OF INDIVIDUAL CHARACTERISTICS 

Colour 

There is a wide range from the light red of Red Bobs to the very deep 
red of Garnet. The name of the latter variety describes its colour very 
well. Renown has the most translucent and Thatcher the most opaque 
kernel. The Thatcher kernel commonly has a whitish or grayish colour 
(as though bleached) combined with the medium red basic colour, although 
fresh samples grown under the best conditions have a silvery sheen. 

Length and Width 

Although length and width of kernel vary considerably with different 
growing conditions, the ratio of length to width is much more constant* 
This ratio is lowest in Marquis and Red Bobs and highest in Garnet. In 
badly shrunken kernels all varieties tend to have a high length-width ratio. 

In average size of kernel Garnet and Thatcher are smallest and Regent 
largest. 

Shape 

The kernels are mostly ovate (egg-shaped) being broader at the germ 
end than at the brush end, but the tendency of Thatcher kernels to be oval 
(with equal width at both ends) aids in identifying this variety. 

Germ 

The germ area is medium in size and tends to be round or oval in shape 
in most varieties, but is larger and inclined to be somewhat square in 
Garnet. The angle the germ makes with the longitudinal axis of the kernel 
is, on the average, sharpest in Garnet and most blunt in Reward. The 
pointed projection at the end of the germ is most prominent in Apex and 
least in Red Bobs. 

Crease 

The depth and width of crease varies greatly within varieties due to 
different growing conditions. On the average the crease is most closed in 
Reward and Renown, and most open in Thatcher and Regent. In all 
varieties a pit is occasionally found in the crease, but it is most common 
in Red Bobs. 

Cheeks 

Both rounded and angular cheeks are found in all varieties but the 
rounded cheek is most commonly found in Marquis, Garnet and Red Bobs. 
The angular cheek and the whitish line on the edge of the cheek are more 
frequently found in Thatcher thaix in the other varieties. Any condition 
that reduces the plumpness of kernel in wheat varieties tends to produce 
angular cheeks. 

Brush 

Although the area of brush and length of brush hairs vary within 
varieties, average varietal differences are sufficiently constant to be useful 
in identification work. The collar around the brush is most prominent in 
Thatcher, but a less distinct collar may be found in some samples of the 
other varieties. 
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I Figure 1. Dorsal, ventral, lateral, and cross-sectional views of representative 
Kernels ol eight hard red spring wheat varieties. 


Back 

The position of the relatively sharp longitudinal ridge along one side 
of the back of Reward and Renown kernels is clearly shown in Figure 1. 
A less distinct q||^-sided development of the back is characteristic of the 
other varieties. However, all eight varieties display a sharp ridge if the 
kernels are somewhat shrunken. 

The back of Red Bobs kernels is usually comparatively rough. 
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SUMMARY 

A non-technical outline is presented to aid those engaged in the wheat 
industry to identify, as to variety, grain samples of hard red spring wheats 
commonly grown in Western Canada. 

It is suggested that a preliminary examination of samples of known 
varieties with reference to the outline will enhance the operator’s ability 
to use it in identifying samples of unknown identity. 
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EFFECTS OF CULTIVATION AND CROPPING ON THE 
CHEMICAL COMPOSITION OF SOME WESTERN CANADA 
PRAIRIE PROVINCE SOILS. PART IIP 

J. D. Newton*, F. A. Wyatt*, and A. L. Brown* 

University of Alberta and Dominion Experimental Farms Service 
(Received for publication June 1, 1945] 

Soil deterioration has always been a problem in agriculture because 
maintenance of soil fertility is essential for any system of permanent 
agriculture. 

Comparatively few actual determinations of the extent of the losses 
of soil organic matter in the Prairie Provinces of Canada had been made 
prior to the initiation of this investigation, although it is recognized that 
soil organic matter is the main natural source of available plant food, that 
it increases the moisture holding capacity of soils, reduces or prevents 
erosion by wind or water (if fibrous) and otherwise improves the physical 
properties of soils. It was decided that the extent of the losses should be 
determined because the future of agriculture in these provinces, including 
the satisfactory rehabilitation of soldier farmers following the cessation of 
hostilities, depends largely upon maintenance of soil fertility. An extensive 
investigation was therefore undertaken to determine by chemical analysis 
of some cropped and virgin soils what effects the present methods of farm¬ 
ing have had on the organic matter of the soil, and on some total and avail¬ 
able or easily soluble plant foods. 

Farming practices have been very similar over wide areas of the three 
prairie provinces. They consist mainly of grain and fallow systems said 
by many to be wasteful of soil fertility. 

Reference was made in the first paper in this series (3) to evidence 
obtained in Britian, the United States, and Canada, of losses of nitrogen 
and organic carbon from soils resulting from cultivation and cropping. 

Recently DeTurk (4) reported that on the Morrow plots at Illinois, 
with continuous corn, corn-oats rotation, and corn-oats-red clover rotation, 
during the past 29 years the organic carbon of the surface soil had remained 
practically constant on both the fertilized and unfertilized plots of the 
3-year rotation. A similar constancy occurred on the fertilized portion of 
the 2-year rotation. In the other plots the organic carbon was found to 
undergo a progressive decline. Total nitrogen was found to follow the 
organic carbon rather closely. Total phosphorus also deplined more under 
continuous corn than under a corn-oats rotation or a corn-oats-clover 
rotation. 

Mji^||gerX7, 8) in Kansasjstudied the influence of cropping systems and 
soil treat^Rit||gi the nitrogen and organic carbon of soils. Losses occurred 
in some rotations and under continuous wheat, but alfalfa grown con¬ 
tinuously increased the soil's supply of nitrogen and organic carbon over a 
period of 19 years. 

* Contribution from Dominion Department of Agriculture, Experimental Farms Service, P.F.R.A., in 
co-operation with the University of Alberta, Department of Soils. 

* Professor of Soils. 

* Professor of Soils. 

* Research Assistant, P.F.R.A., Dominion Experimental Farms (now with Division of Soils, University 

of Minnesota). > * 
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Salisbury and DeLong (11) in studing virgin and cultivated soils 
found only small losses of organic matter as a result of cultivation. 

In the first report on this investigation (3) the total organic carbon 
and nitrogen analyses of cultivated and virgin samples from 34 widely 
scattered points in Alberta and Saskatchewan were published, and it was 
show that on the average fairly large losses ol these two constituents had 
occurred under cultivation. 

More recent work on this problem has been extended to include 
Manitoba and the Peace River district of Alberta. Samples have also 
been collected from more recently broken fields and adjacent uncultivated 
soil in order to obtain estimations of the rates of loss, and to determine 
whether the rate of loss is most rapid after the land is first broken. A 
preliminary outline of some of the more recent work on this project was 
published as Part II of this series (2). 

In this paper some of the data showing effects of cultivation and 
cropping on chemical composition of soils, published in the first report of 
this investigation (3) are repeated for purposes of direct com[)arison with 
previously unpublished data. This has been done in many cases in order 
to compare effects of a relatively short period of cultivation with the 
previously reported effects of cultivation for many years, in the same 
district or location. 

While obvious erosion, both by wind and water, plays a great part in 
soil depletion, it is outside the scope of this investigation. This particular 
project has been chiefly concerned with losses from cultivated soil due to 
decomposition of organic matter together with volatilization and leaching, 
and removal of essential plant nutrients by crops. However, it is quite 
likely that erosion often plays a part in soil deterioration under cultivation 
even when the effects are not readily observable. 


Soil Samples METHODS 

Up to the present; samples from 85 locations, representing 85 com¬ 
parisons of virgin and cultivated soil, have been collected from various 
points in Alberta, Saskatchewan and Manitoba. The investigation has 
involved the chemical analysis of more than 1000 composite or individual 
samples of soil. 

Duplicate samples of relatively old cultivated and nearby virgin soil 
were obtained at each location. Also in 22 cases similar samples of more 
recently broken fields and corresponding virgin soil were obtained at or 
near the same location in order to study rates of loss. Duplicate composite 
samples of surface soil were obtained in all cases, and in most cases com¬ 
posite samples of the second or 6- to 12-inch depth were obtained also. 
Each composite was made up of a mixture of 10 or more well mixed replicate 
samples taken at random within the sampled area. The adjacent areas of 
cultivated and uncultivated soil from which composite samples were taken 
each consisted of not more than 1/10 acre as a rule, and were usually 
separated by a fence or roadway. For the most part the samples obtained 
were taken in the field according to profile, but in some cases the surface 
horizon was divided, and in others two and even part of a third horizon 
were combined to make up the ploughing depth. The average plough 
depth was taken as 6 to 7 inches. 
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Samples of the subsoil (below the depth of 12 inches) were obtained, 
but it was considered better not to include the subsoil composition in the 
tables which show the effects of cultivation, since the composition of the 
subsoil would probably not be affected by cultivation nearly as much as 
the composition of the surface soil. Moreover, since composite .samples of 
subsoil were not obtained as a rule, the composition of the single samples 
obtained would be less representative, and, if included, would tend to 
increase the error or obscure the effects of cultivation. However, the 
subsoil samples were analysed for total organic carbon and nitrogen, and, 
in some cases, other elements. These analyses will be published later in 
order to indicate the character of the subsoil. 

An attempt was made to sample cultivated and adjacent uncultivated 
soils that were uniform in texture and profile, and free from erosion or 
drifting. It is probably impossible to avoid erosion or drifting entirely, 
but the appearance of the profile and surrounding soil will usually show 
whether this has been appreciable. 

Something of the history of the field was always obtained, such as 
length of time cultivated, types of crops grown, rotations used, fertilizers 
and manures applied, if any. Usually, fertilized fields were avoided 
since this would complicate the particular problem. 

The samples were taken to the laboratory, where the larger stones 
and heavier debris were removed. They were then air-dried, well mixed, 
and a portion of each sample was finely ground in a Braun pulverizer for 
chemical analyses. 

All samples were analysed for organic carbon and total nitrogen. 
The results of these analyses are given in this paper and in previously 
published papers (2, 3). Carbon to nitrogen ratios have been calculated 
from the percentages of organic carbon and total nitrogen. 

Many of the samples have been analysed for total phosphorus, easily 
soluble phosphorus, water-soluble phosphorus, total sulphur, and pH 
values. Nitrification studies and carbon dioxide evolution studies have 
also been carried out with some of the surface samples. These results will 
be published in subsequent papers. 

Organic Carbon 

Organic carbon was determined by Schollenberger’s chromic acid 
reduction method as modified by Allison (1). Organic matter was calcu¬ 
lated by multiplying organic carbon by the factor 1.724. 

Total Nitrogen 

The total nitrogen was determined by the Kjeldahl-Gunning-Hibbard 
method, mdlified by the addition of selenium as a catalyst (9). 

RESULTS 

Total Organic Carbon, Organic Matter, and Nitrogen 

All samples of soil were analysed for total organic carbon in order to 
determine their organic matter content. The organic carbon contents of 
the upper 6 inches and of the subsurface 6 to 12 inches, and the organic 
matter content of the upper 12 inches of soil, in the different soil zones, are 
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shown in Tables 1 to 6, The averages of the different soil zones are shown 
in Table 7 for convenient comparison of the organic carbon and organic 
matter of the soils of the different zones. 


Table 1.—Loss or gain of organic carbon in cultivated brown soils 


Location 

Surface 

soil 

class 

Years 

cult. 

0"-6" 1 

6''-12" 

0"- 

12" 

Orig. 

% 

lx>ss or gain 

Orig. 

% 

Loss or gain 

Los.s or gain 

Lb./acre 

%of 

orig. 

Lb. /acre 

% of 
orig. 

Lb. /acre 

Organic 

carbon 

Organic 

matter 

l^rooks 

L. 

12 

2.18 

-42 

-16,470 

1.50 

- 3 

- 8.010 

-24,480 

-42,228 

Brooks 

L. 

3 

3.63 

-11 

— 8,000 

1.06 

+ 8 

+1.700 

-6,300 

-10,868 

Cabri 

C. 

26 

1.27 

- 2 

- 4.590 

0.99 

- 8 

- 1,440 

-6,030 

-10,402 

Cabri 

C. 

13 

1.39 

-10 

- 2.800 

0.95 

- 1 

-HM) 

-2,900 

- 5,003 

Cavendish 

F.S.L. 

23 

1.78 

-28 

- 9,060 

1 09 

- 4 

-810 

-9,870 

-17,026 

Cavendish 

F.S.L. 

11 

1.74 

- 4 

- 1,300 

0.81 

+ 1'^ 

+ 2,500 

+ 1.200 

+ 2.070 

Gros Ventre 

L. 

20 

4.06 

-43 

-31.320 

1.24 

-28 

- 6,300 

-37,620 

-64,895 

Gros Ventre 

L. 

9 

3.81 

-51 

-38,500 

0.96 

- 7 

- 1,400 

-39,900 

-68,828 

Swift Current 

L. 

15 

3.42 

+ 2 

+ 1,260 

1.31 

-21 

- 5.940 

-4,680 

- 8,073 

Swift Current 

L. 

30 

5.35 

-38 

-36.990 

1.27 

+ 2 

+360 

-36,6.30 

-63,187 

Swift Current 

L. 

14 

3.53 

- 2 

- 1,500 

2.12 

-28 

-11,700 

-13,200 

-22,no 

Average of 11 locations 

16 

2.92 

-21 

-13.570 

1.21 

- 7 

- 2,831 

-16,401 

-28,292 

Average of all samples (13 







i 



locations) 

1 

— 

__ 

-22 

-11,943 

_ 

-13 

- 2,878 

-14,821 

-25,566 


Table 2.—Loss or gain of organic carbon in cultivated dark brown soils 


• 




0"-t 



6"-12" 

0"- 

12" 

Location 

Surface 

soil 

class 

Years 


Loss or gain 


Lo.ss or gain 

Loss or gain 

Lb. /acre 

cult. 

Orig. 



Orig. 





% 

% of j 
orig. 

Lb./acre * 

% 

% of 
orig. 

Lb. /acre 

Organic 

carbon 

Organic 

matter 

Cutknife 

L. 

31 

4,.SO 

-32 

-26,010 

1.59 

-25 

- 6,600 

-32,610 

-56,252 

Cutknife 

L. 

4 

4..35 

+ 2 

+1.700 

1.65 

+10 

+ 3,400 

+5,100 

' +8,798 

Edgerton 

L. 

26 

4.21 

-19 

-14,220 

2.26 

-16 

- 5,370 

-19,590 

-.33,793 

Edgerton 

L. 

12 

5.50 

-25 

-27.300 

2.23 

- 6 

- 2,800 

-30,100 

-51,923 

Estevan 

L. 

33 

4.54 

-49 

-44.200 

1.19 

-43 

-10,200 

-54,400 

-93,840 

Hand Hills 

L. 

20 

3.01 

- 3 

- l./OO 

1.93 

-U 

- 4,000 

-5,700 

- 9,833 

Hand Hills 

L. 

9 

4.72 

-32 

-30,100 

1.23 

+ 13 

+ .3,300 

-26,800 

-46,230 

Hanley 

L. 

30 

2,22 

-12 

- 5,500 

1.04 

-11 

- 2,200 

-•7,700 

-13,283 

Hanley 

L. 

6 

4.48 

+ 4 

+ 3,400 

1.94 

- 8 

- 3,100 

+300 

+518 

Lethbridge 
Rotation U 

L. 

25* 

2.52 

-14 

- 6,679 

1.65 

- 2 

-141 

-6,820 

-11,765 

Lethbridge 
Rotation C 

L. 

26* 

2.56 

-39 

-18,000 

1.18 

0 

+180 

-17 820 

-30,740 

Lethbridge 

L. 

8 

2.53 

+ 2 

+800 

1.20 

+26 

+ 6,100 

+6,900 

+11,903 

Morrin 

C. 

26 

4.90 

-30 

-20..370 

2 17 

- 4 

- 1,710 

-28,080 

-48,438 

Morrin 

C. 

13 

3.60 

-14 

-10,400 

2.20 

-22 

- 9,500 

-19,900 

-34,328 

Regina E. 

L. 

49 

i 4.32 

-40 

-31,400 

1.09 

-21 

- 4,140 

-35,540 

-61,307 

Regina E. 

L. 

15 

5.01 

-28 

-27,600 

1.81 

-25 

- 9,000 

-36,600 

-63,135 

Regina S. 

C. 

50 

3.37 

-49 

-29,790 

1.52 

- 1 

-360 

-.30,150 

-52,009 

Regina N. 

C. 

5 

4.60 

-13 

-11,500 

2.08 

+ 11 

+ 4,500 

-7,000 

-12,075 

Waskada 

L. 

30 

5.21 

-28 

-29,400 

2.89 

+ 4 

+ 2,100 

-27,300 

-47,093 

Average of 19 locations 

22 

4.01 

-22 

j 

-17.593 

1.73 

- 7 

- 2,081 

-19,674 

-33,938 

Average of all samples (20 
locations) 

_ 

_ 

-21 

-16,209 

— 

- 8 

- 2,509 

-18,718 

-32,289 


* Years under this rotation. 
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Table 3.— Loss or gain of organic carbon in cultivated black soils 






0"-6'' 


6'M2" 

0'^- 

12'' 

Location 

Surface 

soil 

class 

Years 


Loss or gain 


Loss or gain 

Loss or gain 

Lb./acre 

cult. 

Orig. 



Orig. 

%of 

orig. 




% 

%of 

orig. 

Lb./acre 

% 

Lb./acre 



Brandon 

F.S.L. 

50-1- 

5.86 

-34 

-39,600 

2.65 

-19 

- 9,900 

-49,500 

-85,388 

Indian Head 
Rot. R. 

C.L. 

29* 

3.03 

-26 

-15,900 

2.48 

-15 

- 7,300 

-23,200 

-40,020 

Indian Head 
Rot. C. 

C.L. 

29* 

3.53 

-29 

-20,800 

3.57 

-42 


-51,100 

-88,148 

Lacombe Rot. C. 

C.L. 

25* 

7.39 

- 8 

-11,160 

6.86 

-21 

-25,380 

-36,540 

-63,032 

LacombeRot.O. 

O.L. 

26* 

5.13 

+ 3 


3.23 

+13 

+ 7,900 

+10,500 

+18,113 

Lloydminster 

L. 

5 

7.29 

-10 


2.93 

-25 

-14,800 

-29,800 

-51,405 

Lloydminister 

L. 

32 

6.79 

-25 


2.14 

+21 

+ 9,200 

-25.200 

-43.470 

Melfort 

L. 

30 

8.36 

-16 

-24,120 

4.77 

+12 

+ 9,930 

-14,190 

-24,478 

Melfort 

L. 

4 

7.76 

-27 

-43,200 

2.74 

-26 

-14,000 

-57,200 

-98,670 

Parkland 

L. 

27 

5.86 

-43 


2.38 

-23 

- 9,810 

-55,350 

-95,479 

Parkland 

L. 

10 

4.21 

- 8 


1.58 

- 3 

- 1,100 

-8,100 

-13,973 

Pincher Creek 

Si. L. 

27 

7,97 

-38 

-53,820 

2.39 

-13 

- 9,;i20 

-62,940 

-108.572 

Pincher Creek 

Si. L. 

13 

7.03 

-44 

-62,300 

3.45 

-42 

-28,700 

-91,000 

-156,975 

Portage la 
Prairie 

Si. L. 

50 + 

5.38 


-21,100 

3.34 

-16 

-10,900 

-32.000 

-55.200 

Selkirk 

C.L. 

24 

8.96 

-30 

-53.300 

4.85 

-27 

-25.900 

-79.200 

-136,620 

Vegrcville 

L. 

30 

6.94 

-17 

-23,982 

2.91 

-13 

- 7,754 

-31,736 

-54,745 

Vegreville 

L. 

9 

6.94 

-14 

-19.432 

2.93 

0 

-100 

-19,532 

! -33,673 

Winkler 

L. 

Kisa 


+14 

+ 8.700 

4.16 

-17 

-14,400 

-5,700 

- 9.833 

Yorkton 

L. 

■Ql 

5.80 

-22 

-25,000 

2.71 

-12 

- 6.400 

-31,400 

-54.165 

Yorkton 

L. 


5.96 

- 6 

- 7,600 

3.73 

-32 

-23,600 

-31,200 

-53,820 

Asretage oi 20 locations 

26 

6.09 

-18 

-25,598 

3.16 

-11 

-10,622 

-36,220 

-62,443 

A vet age of all samples (22 
locations) 

— 

— 

-19 

-27.526 

— 

-10 

- 8,979 

-36,505 

-62,935 


Years under this rotation. 


Table 4.—Loss or gain of organic carbon in cultivated black-transition soils 


Location 

Surface 

soil 

class* 

Years 

cult. 

0"-6" 

6"-12" 

0"- 

12" 

Orig. 

% 

Loss or gain 

Orig. 

% 

Loss or gain 

Loss or gain 

Lb./acre 

%of 

orig. 

Lb./acre 

%of 

orig. 

Lb./acre 

1 

Organic 

carbon 

Organic 

matter 

Fair view 

Si. L. 

11 

8.63 

-34 

-59,200 


1 


-69,700 

-120,233 

Fairview 

Si. L. 

28 

9.10 

-34 


2.91 

Bl 


-80,800 

-139,380 

Beaverlodge 

C.L. 

21 

7.32 

-10 

-14,400 

1.55 

-12 


-18,200 

- 31,395 

Grande Prairie 


25 

4.09 

-12 

-10,100 

1.25 

-10 


-12,700 

- 21,908 

High Prairie 

C.L. 

11 

11.43 

-22 

-51,300 

3.41 

-25 

-17,000 

-68,300 

-117,818 

High Prairie 

C.L. j 

29 

11.36 

-45 


2.27 

-13 

- 6,000 

-109,100 

-188,198 

Dauphin 

C.L. 

45 

7.32 

-12 

-17,400 

5.12 

+ 2 

+ 2,400 

- 15,000 

- 25,875 

Average of 7 locations 

24 

8.46 

-24 

-45,457 

2.65 

-16 

- 7,943 

- 53,400 

- 92,115 

Average of all samples (7 










locations) 




-24 

-45,457 

— 

-16 

- 7,943 

- 53,400 

- 92,115 
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Table S. — Loss or gain of organic carbon in cultivated gray-transition soils 






0''-6 


6''-12'' 

0''- 

12'^ 

Location 

Surface 

soil 

class 

Years 


Loss or gain 


Loss or gain 

Loss or gain 

Lb./acre 

1 cult. 

%of 

orig. 


Orig. 





% 


% 

%of 

orig. 

Lb./acre 

Organic 

carbon 

Organic 

j matter 

Debolt 


20 

2.65 

+ 6 


0.83 

+12 


+5,400 

+ 9,315 

Debolt 


5 

2.65 

-+•26 

+13.700 

0.83 

- 8 

-1,300 

+12,400 


Nampa 

H.C.L. 

19 

7.25 

-36 

-52,800 

1.29 

- 1 

-200 


-91,425 

Nampa 

H.C.L. 

5 

7.25 

-43 

-61.800 

1.29 

+20 



-97,808 

Average of 4 locations 

12 

4.95 

-.2 

-24,375 

1.06 

+ 6 

+1,400 

-22,975 

-39,632 

Average of all samples (4 










locations) 




-12 



+ 6 

+1,400 

-22,975 

-39,632 


Table 6.—Loss or gain of organic carbon in cultivated gray soils 


Location 

Surface 

soil 

class 

Years 

cult. 

0"-6" 

6"-12" 

0"-12" 

Orig. 

% 

Loss or gain 

Orig. 

% 

Loss or gain 

Loss or gain 

Lb. /acre 

%of 

orig. 

Lb./acre 

% of 
orig. 

Lb. /acre 

Organic 

carbon 

Organic 

matter 

Breton C-1 

Si. L. 

14 

2.69 

-51 

-24,750 

0.81 

-33 

-4,875 

-29,625 

-51,103 

Breton C-3* 

Si. L. 

14 

2.69 

-49 

-23,580 

0.81 

-35 

-4,980 

-28,560 

-49,266 

Breton E-1 

Si. L. 

14 

2.75 

-49 

-27,100 

0.88 

-23 

-4,100 

-31,200 

-53,820 

Breton E-3* 

Si. L. 

14 

2.75 

-48 

-26,100 

0.88 

-27 

-4,700 

-30,800 

-53,130 

Breton 

Si. L. 

15 

2.19 

-17 

- 7,300 

0.69 

- 4 

-500 

- 7,800 

-13,455 

Carrot Creek 

Si. L. 

5 

2.05 

- 4 

- 1,700 

0.70 

- 1 

-200 

- 1,900 

- 3,278 

Cherhill 

Si. L. 

11 

2.13 

-18 

- 7,800 

0.77 

- 5 

-800 

- 8,600 

-14,835 

Edson 

Si. L. 

24 

1.32 

-36 

- 9,500 

0.57 

- 8 

-900 

-10.400 

-17,940 

Goodfare 

Si. L. 

21 

2.63 

-37 

-19,600 

1.3.i 

-29 

-7,700 

-27,300 

-47,093 

Gunn 

L. 

11 

3.19 

-18 

-11,200 

0.90 

-13 

-2,300 

-13,500 

-23,288 

Love 

Si. L. 

7 

2.62 

-36 

-18,600 

0 86 

-30 

-1,200 

-19,800 

-34,155 

Mackay 

Si. L. 

3 

1.81 

-10 

- 3,240 

0.66 

+ 6 

+735 

- 2,505 

- 4,321 

Mackay 

Si. L. 

14 

2.74 

+16 

+ 8,900 

0.83 

-10 

+1,600 

+10.500 

+18,113 

Average of 13 locations 

13 

2.43 

-27 

-13,198 

0.82 

-16 

-2,302 

-15,499 

1 

-26,736 

Average of all samples (19 










locations) 


— 

— 

-29 

-13,850 


-18 

-2,538 

-16,388 

-28,253 


• Complete fertilizer applied annually for last 9 years. 


When all previously published analyses are included the average loss 
figures are changed as shown in the tables, but only to a small extent. 

Only a relatively small number of samples was obtained from locations 
within the black-transition and gray-transition soil zones (or sub-zones), 
and consequently the averages obtained from the analyses of these samples 
are less representative than those of the other soil zones. Moreover, the 
soils within the transition zones are frequently quite variable in composition. 
Those of the black-transition zone usually possess many of the charac- 
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Table 7.—Average losses of organic carbon and organic matter from 

CULTIVATED SOILS OF DIFFERENT SOIL ZONES 


Soil zone 

No. 

locations 

sampled 

Av. 

no. 

years 

cult. 


6''-12" 

0"- 

12'^ 

Organic carbon 

Organic carbon 

Av. loss 

Orig. % 

1 Av. loss 

Orig. % 

1 Av. loss 

Lb. /acre 

%of 

orig. 

Lb. per 
acre 

% of 
orig. 

Lb. per 
acre 

Organic 

carbon 

Organic 

matter 

Brown 

11 

1 

16 

2.92 

21 

13,570 

1.21 

7 

2.831 

16.401 

28,292 

Brown 

13 

— 

— 

22 

11,943 

— 

13 

2,878 

14,821 

25,566 

Dark brown 

19 

22 

4.01 

22 

17,593 

1.73 

7 

2,081 

19,674 

33,938 

Dark brown 

20 

— 

— 

21 

16,209 

— 

8 

2,509 

18,718 

32,289 

Black 

20 

26 

6.09 

18 

25,598 

3.16 

11 

10,622 

36,220 

62,443 

Black 

22 

— 

— 

19 

27,526 

— 

10 

. 8,979 

36,505 

62,935 

Black-transition 

7 

24 

8.46 

24 

45,457 

2.65 

16 

7,943 

53,400 

92,115 

Gray-transition 

4 

12 

4.95 

12 

24,375 

1.06 

6 

1,400 

22,975 

39,632 

Gray 

13 

13 

2.43 

27 

13,198 

0.82 

16 

2,302 

15,499 

26.736 

Gray 

19 

1 

— 

29 

13,850 

— 

18 

2,538 

16,388 

i 

28,253 


teristics of the black soil zone and those of the gray-transition zone many of 
the characteristics of the gray soil zone. Most of the black-transition soils 
sampled were exceptionally rich in organic matter. 

A statistical analysis of the data has shown that the average losses of 
organic carbon or organic matter from the surface 6 inches of the brown, 
dark brown, black (including black-transition), gray (including gray- 
transition) and gray soils, are significant in all cases, and that the losses 
from the subsurface, or 6- to 12-inch depth are significant in all cases also 
(Table 8). 


Table 8.—Significance of losses of carbon from cultivated soils of 

DIFFERENT SOIL ZONES (SURFACE AND SUBSURFACE LAYERS) 


Soil zone 

Depth 

No. cult, 
fields or 
locations 

Av. 

no. years 
cult. 

Av. 

total 

loss 

Min. 
sig. loss* 

Brown 

0 "- 6" 

11 

18.7 

% 

0.65 

% 

0.50 

Brown 

6 "-12" 

10 

18.4 

, 0.14 

0.14 

Dark brown 

0 "- 6" 

19 

21.4 

0.90 

0.35 

Dark brown 

6 "-12" 

18 

22.2 

0.13 

0.11 

Black (including black-transition) 

0 "-. 6" 

31 

24.8 

1.39 

0.45 

Black (including bfuf^-transition) 

6 "-12" 

30 

25.5 

0.55 

0.34 

Gray (including gray-transition) 

0 "- 6" 

19 

14.3 

0.73 

0.44 

Gray (including gray-transition) 

6 "-12" 

18 

14.9 

0.13 

0.10 

Gray 

0 "- 6" 

13 

13.5 

0.49 

0.31 

Gray 

6 "-12" 

12 

14.3 

0.14 

0.08 


•At 5% Icvd of fignificance. 
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Table 9.—Loss or gain of nitrogen in cultivated brown soils 


Location 

Surface 

soil 

class 

Years 

cult. 

Orig. % 

0 ' 

'-6" 

Orig. % 

6"- 

12 " 

0 "- 12 " 

j Loss or Rain 

Ia)ss or gain 

Loss 
or gain 

Lb./acre 

%of 

orig. 

Lb./acre 

% of 
orig. 

Lb./acre 

Brooks 

L. 

12 

.159 

-32 

-1014 

.111 

-18 

-414 

-1458 

Brooks North 

L. 

3 

.294 

- 7 

- 440 

.113 

+ 14 

+310 

- . 1.30 

Cavendish 

F.S.L. 

23 

.143 

-18 

- 441 

.099 

+ 13 

+234 

- 207 

Cavendish 

L. 

11 

.153 

4 

-}- 1.30 

.077 

+37 

+570 

+ 700 

Gros Ventre 

L. 

20 

.291 

-36 

-1890 

.111 

-29 

-594 

-2484 

Gros Ventre 

L. 

9 

.292 

-43 

-2510 

.090 

- 1 

- 10 

-2520 

Cabri 

C. 

26 

. 1.^4 

-21 

- 162 

.106 

- 6 

- 42 

- 204 

Cabri 

C . 

13 

.155 

- 3 

- 80 

.117 

+ 5 

+ 120 

+ 40 

Swift Current 

L. 

30 

..394 

-.33 

-2340 

.104 

+ 9 

+ 171 

-2169 

Swift Current 

L. 

U 

.308 

- 6 

340 

.200 

-30 

-1200 

-1540 

Swift Current 

L. 

IS 

.266 

+ 2 

+ 90 

.114 

-24 

-378 

- 288 

Average of 11 locations 

16 

.235 

-18 

- 820 

.113 

- 

-112 

- 933 

Average of all samples 









(13 locations) 




-17 

- 779 


- 5 

-110 

- 889 


Table 10.—Loss or gain of nitrogen in cultivated dark brown soils 


1 




0 ' 

- 6 " 


6 "- 

12 " 

0 "- 12 " 

Location 

Surface 

soil 

Years 

cult. 

Orig. % 

l^oss or gain 

Orig. % 

Loss or gain 

Loss 


class 

%of 

orig. 

Lb. /acre 


% of 
orig. 

Lb./acre 

or gain 

Lb./acre 

Lethbridge 

Rotation C 

Si. L. 

26 * 

.206 

-37 

-1368 

.102 

+ 12 

+126 

-1242 

Lethbridge 

Si. L. 

8 

.217 

+ 6 

+ 270 

.122 

+25 

+610 

+ 880 

Lethbridge 

Rotation U 

Si. L. 

25 * 

.209 

- 6 

- 275 

.153 

+ 1 

-h 60 

- 215 

Morrin 

C . 

26 

.413 

-21 

-1750 

.213 

+ 3 

+ 120 

-1630 

Morrin 

C. 

13 

.327 

- 8 

- 550 

.230 

-15 

-710 

-1260 

Hand Hills 

L. 

20 

.221 

+ 1 

- 168 

.144 

- 7 

+ 122 

- 46 

Hand Hills 

L. 

9 

.351 

-27 

-1890 

.126 

+ 8 ! 

+200 

-1690 

Edgerton 

L. 

26 

.336 

- 9 

- 540 

.193 

- 6 

- 42 

- 582 

Edgerton 

L. 

12 

.421 

-22 

-1880 

.179 

+ 1 

+ 30 

-1850 

Cutknife 

L. 

31 

.336 

-28 

-1692 

121 

-23 

-492 

-2184 

Cutknife 

L. 

4 

..342 

+ 6 

+ 410 

.147 

+ 10 

+280 

+ 690 

Hanley 

L. 

30 

.194 

- 7 

- 290 

.099 

- 7 

-140 

- 430 

Hanley 

L. 

6 

.369 

3 4 

+ 300 

.176 

- 5 

-190 

+ no 

Regina South 

C. 

50 

.313 

- 4 .^ 

-2112 

.164 

- 5 

- 16 ? 

-2574 

Regina North 

C. 

5 

.402 

- 7 

- 580 

.221 

+ 7 

+330 

- 250 

Regina East 

L. 

49 

.327 

-39 

-2286 

.088 

-13 

-198 

-2484 

Regina East 

L. 

15 

.417 

-25 

-2080 

.174 

-14 

-500 

-2580 

Estevan 

L. 

33 

.371 

-42 

-3150 

.115 

-25 

-590 

-3740 

Waskada 

L. 

30 

.428 

-24 

-2030 

. 254 

+ 7 

+370 

-1660 

Average of 19 locations 

— 

.326 

-17 

-1156 

.159 

- 2 

- 41 

-1197 

Average of all samples 
(20 locations) 

— 

— 

-18 

-1173 

— 

- 1 

- 35 

-1208 


•Years under this rotation. 
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The black and black-transition soils have lost most organic matter 
whereas the brown and gray soils have lost the least (Table 7). Thus it 
will be observed that the losses increase with increase in original organic 
matter content. 

Both total losses and percentage of original organic carbon content 
losses from the subsurface or 6- to 12-inch depth were small on the average 
as compared to the losses from the upper 6-inch depth {Table 7). 

The losses in percentage of original organic carbon content from the 
surface 6 inches of brown, dark brown, and black soils were much alike on 
the average, and amounted to about 20% of the original content (Table 7). 

The losses in percentage of original organic carbon content from the 
surface 6 inches were greatest in the case of the gray soils, amounting on 
the average to about 29% of the original content (Table 7). 

All samples of soil were analysed for total nitrogen. The total nitrogen 
contents of the upper 6 inches, the subsurface 6 to 12 inches, and the upper 
12 inches of soil in the different soil zones are shown in Tables 9 to 14. 
The averages of the different soil zones are shown in Table IS for convenient 
comparison of the total nitrogen contents of the soils of the different zones. 


Table 11.— Loss or gain of nitrogen in cultivated black soils 



Surface 

soil 



0' 



6"- 

12" 

0"-12" 

Location 

Years 

cult. 

Orig. % 

Loss or gain 

Orig. % 

Loss or gain 

Loss 


class 

%of 

orig. 

Lb./acre 

%of 

orig. 

Lb./acre 

or gain 
Lb. /acre 

Fincher Creek 

Si, L. 

27 

,577 

-20 

-3222 

.242 

-21 

-507 

-3729 

Fincher Creek 

Si. L. 

13 

.554 

-41 

-4560 

.289 

-33 

-1910 

-6470 

Farkland 

L. 

27 

.440 

-41 

-3250 

.151 

+ 6 

+ 170 

-3080 

Farkland 

L. 

10 

.344 

- 5 

- 330 

.143 

- 2 

- 60 

- 390 

Lacombe. 

Rotation C 

L. 

25* 

.552 

- 3 

- 270 

.413 

- 1 

.-100 

- 370 

Lacome, 

Rotation O » 

L. 

26* 

.412 

+ 7 

■f 560 

.276 

- 1 

- 80 

+ 480 

Vegreville 

L. 

30 

.506 

-16 

-1582 

.151 

-IS 

- 443 

-2025 

Vegrcville 

L. 

9 

.506 

- 8 

- 860 

.219 

+ 8 

+360 

- 500 

Lloydminster 

L. 

31 

.549 

-27 

-3000 

.297 

-45 

-2760 

-5760 

Lloydminster 

L. 

5 

.592 

- 6 

- 760 

.256 

-22 

-1130 

-1890 

Melfort 

L. 

30 

.646 

-16 

-1818 

.374 

+18 

+1242 

- 576 

Melfort 

C.L. 

4 

.614 

-25 

-3060 

.235 

-23 

-1060 

-4120 

Yorkton 

L. 


.512 

-24 


.242 

- 8 

- 380 

-2880 

Yorkton 

L. ' 

10 

.514 

- 6 


.341 

-29 

-1970 

-2540 

Indian Head, 
Rotation R 

C.L. 

29* 

.279 

-20 

-1100 

.240 

/ 

-14 

- 650 

-1750 

Indian Head, 
Rotation C 

C.L. 

29* 

.314 

-28 

-1770 

.312 

-38 

-2360 


Brandon 

F.S.L. 

SO 

.456 

-33 

-2980 

.219 

-17 

- 760 


Fortage la Prairie 

Si. L. 

50 

.427 

-15 

-1280 


mm 

- 720 


Winkler 


50 

.266 

+ 8 

+ 450 


B9 

-1210 

- 760 

Selkirk 

24 

.709 

-27 

-3880 


mm 

-1890 

-5770 

Average of 20 locations 

26 

.487 

-17 

-1789 

.270 

-15 

- 811 

-2600 

Average of all sampled 
(22 locations) 


— 

-18 

-1891 

— 

-15 

- 767 

-2658 


Years under this rotation. 
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Table 12.— Loss or gain of nitrogen in cultivated black-transition soils 



Surface 

soil 

class 



0' 



6-- 

12'^ 

0"-12" 

Location 

Years 

cult. 

Orig. % 

Loss or gain 

Orig. % 

Loss or gain 

Loss 



%of 

orig. 

Lb. /acre 


% of 
orig. 

Lb./acre 

or gain 

Lb./acre 

Fair view 

Si. L. 

11 

797 

-34 

-5380 

.192 

-IS 

-580 

-5960 

Fair view 

Si. L. 

28 

.797 

-33 

-5210 

.277 

-28 

-1560 

-6770 

Beaverlodge 

C.L. 

21 

.697 

- 7 

-1000 

.146 

- 3 

- 80 

-1080 

Grande Prairie 

Si. L. 

25 

. .361 

- 1 

- 80 

.138 

- 5 

- 140 

- 220 

High Prairie 

C.L. 

29 

.843 

-43 

-7280 

.177 

- 9 

- 310 

-7590 

High Prairie 

C.L. 

11 

.857 

-12 

-2170 

— 

— 

— 

— 

Dauphin 

C.L. 

45 

.644 

- 7 

- 900 

.456 

+ 6 

+ 550 

- 350 

Average of 7 locations 
Average of all samples 

24 

.714 

-20 

-3146 

.231 

- 9 

- 353 

-3662 

(7 locations) 

1 

—■ 

— 

-20 

-3146 

— 

- 9 

-353 

-3662 

Table 13.— 

Loss OR GAIN 

OF NITROGEN T 

N CULTIVATED GRAY-TRANSITION 

SOILS 





0' 



6''- 

12" 

0"-12" 

Location 

Surface 

soil 

Years 

cult. 

Orig. % 

Loss or gain 

Orig. % 

T.oss or gain 

Loss 


class 

% of 
orig. 

Lb. /acre 


% of 
orig. 

Lb./acre 

or gain 

Lb. /acre 

Nampa 

C.L. 

19 

.602 

-32 

-3870 

.161 

+ 8 

+260 

-3610 

Nampa 

C.L. j 

5 

.602 

-28 

-3380 

.161 

+ 18 

+590 

-2790 

Debolt 

H.C.L. ! 

20 

.278 

-64 

-3530 

.099 

+ 4 

+ 70 

-3460 

Debolt 

H.C.L. 1 

1 

5 

.278 

+ 1 

+ 80 

.099 

- 2 

- 40 

+ 40 

Average of 4 locations 

— 

.440 

-31 

-2675 

.130 

+ 7 

+220 

-2455 

Average of all samples 









(4 locations) 

1 

— 

— 

-31 

-2675 

— 

+ 7 

+220 

-2455 


Table 14.—Loss or gain of nitrogen in cultivated gray soils 


IxKation 

Surface 

soil 

class 

Years 

cult 

Orig. % 

0' 

'-6" 

Orig. % 

6"- 

12" 

0"-12" 

Loss or gain 

Loss or gain 

Loss 
or gain 

Lb. /acre 

%of 

orig. 

Lb./acre 

%of 

orig. 

Lb./acre 

Breton C-1 

Si. L. 

14 

.148 

-43 

-1152 

.052 

-34 

-312 

-1464 

Breton C-3* 

Si. L. 

14 

.148 

-41 

-1098 

.052 

--0 

- 273 

-1371 

Breton E-1 

Si. L. 

14 

.151 

-30 

- 910 

.064 

-11 

-140 

-1050 

Breton E-3* 

Si. L. 

14 

.151 

-31 

- 950 

.064 

-14 

-180 

-1130 

Breton 

Si. L. 

15 ! 

.113 

- 3 

- 60 

.053 

+ 5 

+ 50 

- 10 

Gunn 

L. 

11 

.358 

-57 

-4060 

.052 

+18 

+ 190 

-3870 

Cherhill 

Si. L. 

11 

.219 

-45 

-1950 

.051 

+33 

+340 

-1610 

Mackay 

Si. L. 

3 

.072 

-35 

- 450 

— 

— 

— 

— 

Mackay 

Si. L. 

14 

.193 

- 2 

- 60 

.071 

+ 1 

+ 20 

- 40 

Carrot Creek 

Si. L. 

5 

.284 

-59 

-33.^0 

.066 

- 5 

- 70 

-3100 

Ed son 

Si. L. 

24 

.111 

-40 

- 890 

.054 

- 3 

- 30 

- 920 

Goodfare 

Si. L. 

21 

.190 

-27 

-1010 

.080 

+24 

+390 

- 620 

Love 

Si. L. 

7 

.338 

-68 

-4610 

.059 

- 3 

- 30 

-4640 

Average of 13 locations 

13 

.190 

-17 

-1579 

.060 

- 1 

- 4 

-1583 

Average of all samples 









(19 locations) 

1 

— 

— 

-31 

-1257 

— 

- 4 

- 51 

-1308 


• Complete fertilizer applied annually for last 9 years. 
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Table 15 . —Average losses of nitrogen from cultivated soils 
OF different soil zones 


Soil zone 

No. 

locations 

sampled 

Av. no. 
years 
cult. 

(r'-6" 

6'M2" 

0''-12'' 

Nitrogen 
orig. % 

1 Av. loss 


1 Av. loss 

Av. loss, 
lb. per 
acre 

%of 1 
orig. 

lb. per 
acre 

orig. % 

%of 

orig. 

Lb. per 
acre 

Brown 

11 

16 

.235 

18 

820 

.113 

3 

112 

933 

Brown 

13 

— 

— 

17 

779 

— 

5 

110 

889 

Dark brown 

19 

22 

.326 

17 

1156 

.159 

2 

41 

1197 

Dark brown 

20 

— 

i — 

18 

1173 

— 

1 

35 

1208 

Black 

20 

26 

.487 

17 

1789 

.270 

15 

811 

2600 

Black 

22 

1 — 


18 

1891 

— 

15 

767 

2658 

Black'transition 

7 

24 

.714 

20 

3146 

.231 

9 

353 

3662 

Gray-transition 

4 

12 

.440 

31 

2675 

.130 

+7 

+220 

2455 

Gray 

13 

13 

.190 

37 

1579 

.060 

1 

4 

1583 

Gray 

19 

— 

, 

31 

1257 

— 

4 

51 

1308 


Table 16 .— Significance of losses of nitrogen from cultivated soils of different 
soil zones (surface and subsurface layers) 


Soil zone 

Depth 

No. cult, 
fields or 
locations 

Av . 

no. years 
cult. 

Av . 

total 

loss 

Min. 
sig. loss* 





% 

% 

Brown 

0 "- 6 " 

11 

18.7 

.040 

.033 

Brown 

6 "- 12 " 

10 

18.4 

.012 

.015 

Dark brown 

0 "- 6 ” 

19 

21.4 

.060 

.021 

Dark brown 

6 "- 12 " 

19 

21.4 

.003 

.007 

Black (including black-transition) 

0 "- 6 " 

31 

24.8 

.097 

.035 

Black (including black-transition) 

6 ''- 12 " 

30 

25.5 

.039 

.027 

Gray (including gray-transition) 

0 "- 6 " 

19 

14.3 

.038 

.026 

Gray (including gray-transition) 

6 "- 12 " 

18 

14.9 

.005 

.007 

Gray 

0 "~ 6 " 

13 

13.5 

.030 

.011 

Gray 

6 "- 12 " 

12 

14.3 

i007 

.005 


♦ At 5% level of significance. 


When all prejjigusly published analyses are included the average loss 
figures are changeTas shown in the tables, but only to a small extent. 

As stated previously in connection with the organic carbon results, 
relatively few samples were obtained from locations within the black- 
transition and gray-transition soil zones (or sub zones), and consequently 
the averages obtained from the analyses of these samples are’ less repre¬ 
sentative than those of the other soil zones. Moreover, the soils within 
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the transition zones are frequently quite variable in composition. Most of 
the black-transition soils sampled were exceptionally rich in nitrogen and 
organic matter. 

A statistical analysis of the data has shown that the average losses of 
nitrogen from the surface 6 inches of the brown, dark brown, black (includ¬ 
ing black-transition), gray (including gray-transilion) and gray soils, are 
significant in all cases, and that the losses from the subsurface or 6- to 12- 
inch depth are significant only in the cases of the black (including black 
transition) and gray soils (Table 16). 

The black and black-transition soils have on the average lost the most 
nitrogen as well as the most organic matter, whereas the brown and gray 
soils have lost the least (Table 15). Thus it will be observed that the 
losses of both nitrogen and organic matter increased with increase in 
original nitrogen and organic matter content. 

Both total losvses and percentage of original nitrogen content losses 
from the subsurface or 6- to 12-inch depth were small on the average as 
compared to the losses from the upper 6-inch depth (Table 15). This was 
also true of the organic carbon losses. Both total and percentage of original 
nitrogen content losses from the 6- to 12-inch depth were greatest in the 
case of the black soils. This may be due to the fact that the surface 
organic matter layer is relatively deep in the black soils. 

The losses in percentage of original nitrogen content from the surface 
6 inches of brown, dark brown, black and black-transition soils were much 
alike on the average, varying from 17 to 20% (Table 15). 

The average losses in percentage of original nitrogen content were 31 
and 31% respectively in the cases of the gray and gray-transition soils. 
These losses were considerably greater than in the cases of the other soil 
zones. 

A grain and fallow system of dry land farming is followed on the 
Rotation C dark brown soil plots at Lethbridge. This 3-year rotation, 
consisting of wheat, wheat, and fallow had been followed for 26 years 
when soil samples were obtained for the analyses shown in Tables 2 and 10. 

Rotation U at Lethbridge is a 10-year rotation consisting of 6 years of 
alfalfa, followed by sugar beets (or another hoed crop), wheat, oats, and 
barley. This rotation had been followed on irrigated land for 25 years 
when soil samples were obtained for the analyses shown in Tables 2 and 10. 
Farm manure had been applied only once every 10 years at the rate of 
12 tons per acre. 

It will be observed that the losses of organic carbon v^ere small and 
that the losses of nitrogen were very small in the alfalfa rotation plot soils 
as compared to the losses from the wheat and fallow rotation plots, and as 
compared to the average losses at all locations in the dark brown soil zone. 

Rotation C, a 3-year grain and fallow rotation consisting of wheat, 
wheat, and fallow, had been followed on the black soil at Lacombe for 25 
years before samples of soil were obtained for the analyses reported in 
Tables 3 and 11. 

Rotation O, at Lacombe, is a 7-year rotation consisting of wheat, oats, 
fallow, wheat (seeded to alfalfa and rye grass), hay (manured), hay (broken 
early), and potatoes. This rotation had been followed for 26 years when 
samples were obtained for the analyses reported in Tables 3 and 11. 
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The analyses indicate that there was a large loss of organic carbon 
and some loss of nitrogen from the wheat and fallow rotation plots at 
Lacombe, whereas there were small gains of organic carbon and nitrogen 
in the plots under a rotation which includes a legume, grass and manure. 

Rotation C at Indian Head is a 3-year, wheat, wheat and fallow rota¬ 
tion (as at Lacombe and Lethbridge). This rotation had been followed on 
the black soil at Indian Head for 29 years before samples of soil were 
obtained for the analyses reported in Tables 3 and 11. 

Rotation R at Indian Head is a 9-year rotation consisting of wheat, oats, 
fallow, wheat, oats (seeded down to grass and alfalfa), hay, hay or pasture, 
pasture (broken), and corn (manured). This rotation had been followed 
for 29 years when samples were obtained for the analyses reported in 
Tables 3 and 11. 

The analyses indicate that there were large losses of organic carbon 
and nitrogen from the wheat and fallow rotation plot soil at Indian Head, 
and losses also, but much smaller losses from this soil under a rotation 
which includes a mixture of grass and alfalfa, and an application of farm 
manure. 

A grain and fallow system of farming was followed on the gray wooded 
soil Breton El and E3 plots for 14 years before samples were obtained for 
analysis, as shown in Tables 6 and 14. During this period plot El received 
no fertilizer, whereas plot E3 received 8 annual applications of complete 
fertilizer at the rate of approximately 100 lb. per acre per year. The 
analyses indicate that the losses of carbon and nitrogen from these two 
plots were about equal. The losses of organic carbon were above the 
average of the gray soils and the losses of nitrogen rather less than average. 

A 4-year rotation of crops consisting of wheat, oats, barley (seeded to 
clover), and clover, was followed on the Breton Cl and C3 plots for 8 
years before samples were obtained for analysis as shown in Tables 6 and 
14. During this period plot Cl received no fertilizer, whereas plot C3 
received 8 annual applications of complete fertilizer at the rate of about 
100 pounds per acre per year. The analyses indicate that the losses of 
organic carbon and nitrogen from these two plots were much alike. The 
losses of organic carbon were greater than the average loss from the gray 
soils and the losses of nitrogen about average. 

Comparative Rates of Loss of Organic Carbon and Nitrogen from Newer and 
Older Cultivated Fields 

This investigation of soil deterioration includes the determination of 
losses of several scul constituents from more recently broken fields, as well 
as from older cuitrvated fields. Samples of newer and older cultivated 
fields together with corresponding virgin soils were obtained at 22 locations. 
The samples were taken close together at each location and represented 
similar soils. The losses or gains of the Individual fields are given in 
Tables 1 to 6 and 9 to 14. The object was to obtain some estimations of 
the rates of losses, and, more particularly, to find out if the rate of loss is 
most rapid during the first few years after the virgin land is broken. 
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The average annual loss of organic carbon from the older cultivated 
fields (cultivated on the average for 28.5 years) was approximately half 
that of the newer cultivated fields (cultivated on the average for 9.2 years), 
and the average annual loss of nitrogen from the older cultivated fields 
was less than two-thirds that of the newer fields. (Table 17). 


Table 17.—Comparative rates of loss of organic carbon and nitrogen from 

NEWER AND OLDER CULTIVATED FIELDS 


— 

Depth 

No. cult, 
fields or 
locations 

Av. 

no. ^'ears 
-ult. 

Av. 

ann. loss 

Av. 

total 

loss 

Min. 
sig. loss* 





% 

% 

% 


Organic carbon 


Newer cultivated fields ()"-6" 
Older cultivated fields 0"-6" 


22 

22 


9.2 
28 5 


0.107 0.98 

0 052 1.49 


0.51 

0.49 


1 

1 1 

1 

Nitrog 

rEN 

1 

1 


1 

Newer cultivated fields 
Older cultivated fields 

0"-6" 

0"-6" 

22 

22 

9.2 

28.5 

.0062 

.0038 

.057 

.108 

.033 

.041 


• At 5% level of significance. 


Carbon to Nitrogen Ratios of Virgin and Cultivated Soils 

Carbon to nitrogen ratios in different horizons of virgin and cultivated 
soils are shown in Table 18. These ratios have been calculated from the 
total organic carbon and total nitrogen data. Separate tabulations have 
been made for each zone. 


Table 18.—Average carbon to nitrogen ratios in different horizons of 
VIRGIN AND cultivated SOILS OF VARIOUS SOIL ZONES 


Soil zone 

Virgin or 
cultivated 
av. no. 
years cult. 

Number 

of 

locations 
or samples 

Surface 

horizon 

C/N 

Subsurface 

horizon 

C/N 

Virgin or 
cultivated 
av. no. 
years cult. 

Number 

of 

locations 
or -samples 

Subsoil 

horizon 

C/N 

Brown 

0 

13 

1 12.1 

10.7 

0 

4 

11.6 

Brown 

17 

13 

11.3 

10.0 

13 

4 

10.2 

Dark brown 

0 

20 

n.3 

10.9 

0 

3 

10.4 

Dark brown 

22 

20 

11.0 

10.4 

16 

3 

10.4 

Black 

0 

22 

12.6 

11.5 

0 

3 

12.5 

Black 

26 

22 

12.3 

11.1 

29 

3 

11.1 

Black-transition 

0 

7 

11.8 

10.9 

0 

C 

10.5 

Black-transition 

24 

7 

11.1 

10.3 

21 

6 

9.6 

Gray-transition 

0 

4 

10.7 

8.2 

0 

4 

8.2 

Gray-transition 

12 

4 

10.5 

8.2 

12 

4 

8.2 

Gray 

0 

15 

17.2 

12.1 

0 

8 

11.3 

Gray 

14 

15 

15.9 

12.1 

14 

8 

10.6 
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In the brown, dark brown and black soils the average carbon to nitrogen 
ratio varied only from 10.0 to 12.6. In each of these soil zones the ratio 
was slightly lower for the subsurface soil (approximate depth 6 to 12 inches) 
than for the surface soil (approximate depth 0 to 6 inches), and the average 
ratio in each case was slightly lower in the cultivated soil than in the virgin 
soil. In the gray soils the average ratio was distinctly lower in the culti¬ 
vated surface soil than in the virgin and the average ratio was much higher 
in the surface gray soils than in any other zone soils. The ratio was 15.9 
for the cultivated surface soil and 17.2 for the virgin. The average ratio 
for the gray subsurface soils was 12.1, which is quite similar to that of the 
other soil zones. 


DISCUSSION 

All samples of soil were analysed for total organic carbon in order to 
determine their organic matter content. All samples were analysed for 
total nitrogen also, because this element is generally required in greater 
quantity than any other element obtained from the soil by non-legume 
crops, and nitrogen is frequently a limiting element in crop production. 
Nitrogen is held in the soil mainly in the form of organic matter, and there 
is a correlation between the quantities of nitrogen and organic carbon 
present, as shown in the tables. 

The total losses of organic carbon and nitrogen increased with increase 
in original organic matter content, as might be expected under conditions 
favourable to decomposition provided by cultivation. Thus the black 
and black-transition soils have on the average lost most organic matter 
and nitrogen, whereas the brown and gray soils have lost the least. 

The percentage losses, on the other hand, were much alike on the 
average from the surface 6 inches of brown, dark brown, and black soils, 
and amounted on the average to about 20% of the original content. The 
higher average loss of about 30% in the case of the gray soils may be due 
to the more active or less decomposed condition of the surface forest litter 
incorporated with the soil when it is first ploughed and cultivated. A more 
active condition is indicated by the higher carbon to nitrogen ratio of the 
organic matter present in the upper 6 inches of the gray soils. This ratio 
was 17.2 for the virgin and 15.9 for the cultivated, whereas the average 
ratios for the brown, dark brown, and black soils varied only from 10.0 
to 12.6. 

Both total losses of organic carbon and nitrogen, and percentage of 
original content" losses from the 6- to 12-inch depth were small on the 
average as compared to the losses from the upper 6-inch depth. This was 
to be expected because of the relatively low original organic matter content 
of the 6- to 12-inc^depth and because this subsurface layer is less exposed 
to the effects of cultivation. 

Although the average losses of carbon and nitrogen from the upper 
6 inches of brown, dark brown, and black soils were only about 20% of 
the original content (the corresponding losses from the gray soils were 
about 30%), the losses at different locations were quite variable. In some 
cases the losses were as great as approximately 50% of the organic carbon 
and 40% of the nitrogen, whereas in other cases there was no apparent loss. 
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Therefore in some cases the losses were more serious than the average losses 
might suggest. However, it must be admitted, as stated elsewhere, that 
in most cases it was not possible to prove the statistical significance of 
losses at individual locations. 

Soil variability is an important factor in an investigation of this 
nature. In most cases it was not possible to prove the statistical signi¬ 
ficance of the losses at a given location, and it was necessary to take samples 
at a number of locations in order to obtain statistically significant average 
losses. 

• 

The average losses of nitrogen were not as great as those previously 
determined by Shutt at several locations in the Prairie Provinces (12), but 
the trends were similar. 

Information regarding effects of different crop rotations on the nitrogen 
content of prairie province soils is being provided by studies in progress 
at the Division of Chemistry, Science Service, Department of Agriculture, 
Ottawa. Results obtained in these experiments have been summarized 
recently by Hopkins and Leahey (6). 

Rotations which include legumes and grasses and the addition of farm 
manure evidently do reduce the losses of organic matter and nitrogen as 
compared to the losses under grain and fallow rotations. Sometimes gains 
of organic matter and nitrogen are produced by rotations of the former 
type. The grain and fallow rotations carried on for 25 to 30 years at 
Lethbridge, Lacombe and Indian Head, prior to the date of sampling the 
soil for the analyses shown in this report, all resulted in very large losses of 
organic carbon and nitrogen. On the other hand the equally old rotations 
at Lethbridge, Lacombe and Indian Head which included legumes, or 
legumes and grasses, and barnyard manure, resulted in but small losses of 
organic carbon and nitrogen at Lethbridge, small gains at Lacombe, and, 
at Indian Head, much smaller losses than those resulting from the grain 
and fallow rotation. 

At Breton, where the rotation including clover had been carried on 
for only 8 years prior to the date of sampling (although the field had been 
under cultivation for 14 years), there was little difference between the 
composition of the soil under a rotation including clovers and under con¬ 
tinuous wheat. The losses of organic carbon from the four cultivated 
plots analysed, including two which had received complete commercial 
fertilizer, were greater than the average loss from the gray soils, and the 
losses of nitrogen were about average. Apparently the period of different 
treatments was not long enough to produce any marked difference in 
organic carbon or nitrogen content. 

Evidently the losses of organic matter and nitrogen are greatest after 
the land is first broken, and tend to decrease in later years. The average 
annual loss of organic carbon from the older cultivated fields (cultivated 
on the average for 28.5 years) was approximately half that of the newer 
cultivated fields (cultivated on the average for 9.2 years), and the average 
annual loss of nitrogen from the older cultivated fields was less than two- 
thirds that of the newer fields. Thus there is a tendency to reach an 
equilibrium point, even under a grain and fallow system, at which losses 
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caused by decomposition, crop absorption and other factors are balanced 
by gains in organic matter from plant growth, and gains in nitrogen due 
to non-symbiotic nitrogen fixing bacteria. However, it seems fairly certain 
that soil fertility would be seriously impaired at this point. 

The percentage of organic carbon and nitrogen present at the point 
of equilibrium would vary no doubt with the different soil zones and with 
the types of soil within a given zone. In semi-arid western Kansas, 
Gainey, Sewell and Latshaw (5) found that an equilibrium point is reached 
at about 0.1% nitrogen and they suggested that this is higher than the 
corresponding equilibrium point for soils of humid regions. However, 
many light textured semi-arid soils in the Prairie Provinces of Canada con¬ 
tain much less than 0.1% nitrogen. The equilibrium point for a heavy 
textured soil which had produced wheat continuously for over 90 years 
under humid climatic conditions at Rothamsted in England, was found to 
be approximately 0.1% (10). 

It has been calculated that on the average one-third to one-half, 
approximately, of the nitrogen lost from the surface 6 inches of cultivated 
soil in the brown, dark brown, black and gray soil zones was absorbed by 
the crops grown on the soils. The large proportion of unaccounted for 
nitrogen may have been lost in various ways. It is quite likely that 
erosion by wind and water often plays a part in soil deterioration under 
cultivation even when their effects are not readily observable. Fields that 
were obviously eroded were not sampled in the course of this investigation. 

It is commonly stated that the light coloured gray wooded soils become 
darker in colour and presumably richer in organic matter under cultivation. 
However, this darker colour is apparently due rather to the mixing of the 
surface organic matter with the light coloured leached layer below because 
decreases in percentage of organic matter and nitrogen greater on the 
average than those found in the parkland and prairie areas have taken 
place in these gray wooded soil areas, under the grain and fallow system. 
One would expect that under the fairly moist climatic conditions of the 
gray soil zone the nitrogen and organic matter content of soils as deficient 
in organic matter and nitrogen as these could be at least maintained and 
probably increased under cultivation, provided that a rotation were followed 
which included legumes and grasses and the use of barnyard manure, and 
commercial fertilizers as required. 

In this investigation an attempt was made to sample cultivated and 
adjacent uncultivated soils that were uniform in texture and profile, and 
free from erosion or drifting, although admittedly it is probably impossible 
to avoid erosion entirely. Therefore this investigation has little or nothing 
to do with obvious erosion by wind and water which in some local instances 
has completely mined the soil for arable purposes. However, the deteriora¬ 
tion measured i^robably fairly representative of that of the great majority 
of prairie province soils which have been farmed by the commonly practised 
grain and fallow system. 

Prior to the initiation of this investigation comparatively few actual 
determinations of the extent of the losses of nitrogen and organic matter, 
in relation to general fertility, from prairie province soils, had been made. 
Reports of losses were commonly bas^ upon observation rather than actual 
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determinations, and some of these reports have tended to exaggerate and 
some to minimize the extent of such losses. The losses have been large 
under the grain and fallow system of farming, amounting on the average, 
in a period of about 22 years, to approximately one-fifth of the original 
nitrogen and organic matter content, in the cases of the brown, dark brown, 
and black soils, and a larger proportionate loss in the case of the gray soils, 
but not as large as sometimes suggested, and the land in most cases is far 
from utterly ruined. However, the importance of adopting measures such 
as the introduction of grasses and legumes into the rotation with grain 
crops to maintain the fibre and fertility of the soils, where such action has 
not already been taken, can hardly be over-emphasized, and for this reason 
there may be some excuse for exaggerating the extent of the losses which 
have already taken place. 

While the grain and fallow system of farming had undoubtedly been 
responsible for the loss of large quantities of organic matter and fibre from 
the soils, and while the importance of growing grasses and legumes in 
rotation with grain crops should be emphasized, it must be admitted that 
it is very unlikely that the organic matter content of wsoil consisting originally 
of prairie grassland could be maintained at its original level under any 
practical system of cultivation without irrigation. It is generally recog¬ 
nized that the organic matter content of soil under grass tends to be in¬ 
creased, or maintained at a relatively high level, if not overgrazed, as 
compared to land under cultivation. Some losses of organic matter, fibre, 
and nitrogen must therefore be expected, but these should not be such as 
to seriously impair the productivity of the soil. 

In any discussion of soil fertility and productivity the importance of 
weed control should be emphasized. Many serious weeds can be kept 
under control most economically by seeding the land down to sod forming 
crops periodically. Such crops help to control various insect pests and 
plant diseases also. 

Serious losses of organic matter and fibre and impairment of physical 
condition, in the drier regions, and consequent soil deterioration through 
erosion, may be guarded against by growing grasses in rotation with grain 
crops (in addition to maintaining a trash cover of stubble and straw on 
summerfallowed land). In the moister regions both grasses and legumes 
may be grown in the rotations in order to guard against serious impairment 
of the soil’s physical condition, organic matter content, and fertility. These 
should be supplemented by the use of barnyard manure where available, 
and by the use of commercial fertilizers where profitable. It is often 
impractical to grow a legume in rotation with grain crops in the drier 
regions of the prairie provinces, but it is commonly practical in such regions 
to seed the land down to a drought resistant grass for a few years, period¬ 
ically, and thus restore fibre and organic matter to the soil. 

SUMMARY 

An extensive invesigation has been made of the effects of cultivation 
and cropping systems (mainly the commonly practised grain and fallow 
system) on the chemical composition of prairie province soils, by comparing 
the composition of virgin and adjacent cultivated soils. 
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The samples of cultivated soil were obtained from recently broken 
fields as well as older cultivated fields, the average period of cultivation 
being just over 22 years. 

More than 1000 composite or individual samples of soils from 85 
locations in Alberta, Saskatchewan and Manitoba (representing 85 com¬ 
parisons of virgin and cultivated soil) have been analyst for total organic 
carbon and nitrogen. 

The losses in percentage of original organic carbon content from the 
surface 6 inches of brown, dark brown, and black soils were much alike on 
the average, and amounted to about 20% of the original content. 

The losses in percentage of original nitrogen content from the surface 
6 inches of brown, dark brown, and black soils were also much alike on the 
average, and amounted to about 18% of the original content. 

The losses in percentage of original organic carbon and nitrogen con¬ 
tent from the surface 6 inches were greatest in the case of the gray soils, 
amounting on the average to about 30% of the original content. 

Both total losses and percentage of original organic carbon and nitrogen 
content losses from the subsurface or 6- to 12-inch depth were small on the 
average as compared to the losses from the upper 6-inch depth. 

The average losses of organic matter, in pounds to the depth of 12 
inches, from the different soil zones were as follows: brown, 25,566; dark 
brown, 32,289; black, 62,935; black-transition, 92,115; gray-transition, 
39, 632; gray, 28,2*53. 

The average losses of nitrogen, in pounds, to the depth of 12 inches, 
from the different soil zones were as follows: brown, 889; dark brown, 1208; 
black, 2658; black-transition, 3662; gray-transition, 2455; gray, 1308. 

The black and black-transition soils, originally high in organic matter, 
have lost most organic carbon and nitrogen, whereas the brown and gray 
soils, originally relatively low in organic matter, have lost the least. 

The losses were quite variable. At some locations the losses were as 
great as approximately 50% of the original organic carbon and 40% of the 
nitrogen, whereas in other cases there was no apparent loss. 

It was calculated that on the average one-third to one-half, approxi¬ 
mately, of the nitrogen lost from the surface 6 inches of cultivated soil in 
the brown, dark brown, black and gray soil zones, was absorbed by the 
crops grown on the soils. 

The average losses of organic carbon and total nitrogen from the 
surface 6 inches of the brown, dark brown, black (including black-transi¬ 
tion), gray (including gray-transition) and gray soils, were significant in 
all cases. The l^ses of organic carbon from the subsurface, or 6- to 12-inch 
depth, were sigmncant in all cases also, and the losses of total nitrogen were 
significant in the cases of the black (including black-transition) and gray 
soils. 

Rotations which included legumes and grasses, and the addition of 
barnyard manure, as carried on for 25 to 30 years at the Lethbridge, 
Lacombe and Indian Head Dominion Experimental Stations, reduced or 
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prevented losses of organic matter and nitrogen, as compared to the large 
losses which resulted from the equally old grain and fallow rotations at the 
same stations. 

The average annual loss of organic carbon from the older cultivated 
fields (cultivated on the average for 28.5 years) was approximately half 
that of the newer cultivated fields (cultivated on the average for 9.2 years), 
and the average annual loss of nitrogen from the older cultivated fields was 
less than two-thirds that of the newer fields. 

The average carbon to nitrogen ratio of the surface 6 inches of brown, 
dark brown, and black soils varied only from 11.3 to 12.6, whereas the 
corresponding ratio of the gray soils was 17.2 for the virgin and 15.9 for 
the cultivated. 

Cultivation has tended to produce a narrower carbon to nitrogen ratio 
in the surface soil. 

The carbon to nitrogen ratio of the 6* to 12-inch depth is narrower on 
the average than that of the surface 6 inches. 
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ERRATUM 

In the article entitled, *Tink rot disease of potatoes in^ British 
Columbia*’, by Walter Jones, June 1945 issue of Scientific Agriculture (Vol. 
25, No. 10, p. 597), the legends under Plates I and II should be inter- 



SCIENTIFIC AGRICULTURE 


VOLUME 25 AUGUST, 1945 No. 12 


SOME FACTORS AFFECTING APPLE YIELDS IN 
THE OKANAGAN VALLEY 

11. SOIL DEPTH, MOISTURE HOLDING CAPACITY, AND pH^ 

J. C. Wilcox* 

Dominion Experimental Station, Summerland, B.C, 

[Received for publication January 25, 1945] 

This paper is the second in a series reporting the findings of an investi¬ 
gation started in 1937 into the effects of certain factors on apple tree 
performance in the Okanagan Valley in British Columbia. The first paper 
(25) dealt with tree size, tree vigour, biennial bearing, and distance apart 
of planting. This present paper deals with soil depth, moisture holding 
capacity, pH, and lime content. 

REVIEW OF LITERATURE 

A great deal of investigational work has been reported on the effects 
of the physical and chemical nature of the soil on fruit tree performance. 
It will be considered sufficient here to review briefly some of the more 
important findings dealing with the effects of the physical nature and pH 
of the soil on apple tree growth and yield. 

Physical Nature of Soil 

Among the most important factors associated with the physical nature 
of the soil are texture, depth, moisture holding capacity, hard-pan, and 
natural drainage. Texture and depth are very closely related to the 
moisture holding capacity, as reported previously by the author (26). In 
1915, Wilder (28) recommended for the Baldwin variety a medium to semi¬ 
light soil, and for the McIntosh a soil somewhat heavier^ than this. In 
1930, Heinicke and Batjer (7) in New York found a clay subsoil to be 
deleterious to the growth of apple trees. In 1932, Collison, Collison and 
Harlan (4) reported that the sand content of a New York soil was positively 
correlated with the yield of Baldwin, but not with the yield of Greening. 
The same year, Veatch and Partridge (23) and Partridge and Veatch (19) 
in Michigan found too light or shallow a soil to be undesirable, as also was 
an acid hardpan or clayey subsoil; and Oskamp and Batjer (17) in New 
York reported that a deep loam soil was best suited to the growth of 
Baldwin trees. A clay subsoil or hardpan and a high water table were not 
conducive to good tree performance. At various times since then, Oskamp 

‘ Contribution No. 652 from the Division of Horticulture, Experimental Farms Service, Dominion Depart¬ 
ment of Agriculture, Ottawa, Canada. 

* Assistant Superintendent at the Dominion Experimental Station, Summerland, B.C., in charge ai 
nutritional investigations with tree fruits. 

* In this paper, a 'Might" soil is used to mean a sandy soil, and a "heavy" soil is used to mean a fine silt 
or clay soil. 
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and his co-workers (1, 14, IS, 16) have reported similar findings with New 
York soils. In 1933, Oskamp (14) obtained a positive correlation between 
depth to the ground water table and the yield of Baldwin trees. In 1934, 
Veatch and Partridge (24) in Michigan recommended light to heavy loams, 
underlaid at 10 to 15 inches depth by a heavy loam, penetrable for tree 
roots to 10 feet or more. In 1935, Sweet (22) recommended a deep soil: 
one that is not too light, with too low a moisture holding capacity; and not 
too heavy, with too little permeability to water and air. Good soil struc¬ 
ture and drainage were stressed. Similar recommendations have been 
made since by Magness, Degman and Furr (10), Partridge and Veatch (20), 
Morgan, Gourley and Albeiter (13), Browning and Sudds (2) and Magness 
(9). It appears to have been generally agreed (14, 16, 20) that for best 
results a depth of at least 5 feet of soil free from hardpan or excess water is 
required. Oskamp (14) found a good positive correlation between yield 
and the depth of the water table. Magness (9) stressed the importance 
of the moisture holding capacity of orchard soils. Gardner, Bradford and 
Hooker (6) felt that the varietal preferences reported by Wilder and others 
are open to question. It should be noted that all of these references dealt 
primarily with non-irrigated areas. 

Soil pH 

Little appears to have been reported on the effects of soil pH on apple 
tree performance. In 1932, Oskamp and Batjer (18) in New York reported 
that within a pH range of 5.4 to 7.8 there was a good negative correlation 
between pH and yield with Baldwin; but that the correlation was not 
significant with Greening. In 1934, Veatch and Partridge (24) in Michigan 
were unable to specify any definite optimum within a pH range of 4.5 to 
7.5. In 1937, Morgan (12) in Connecticut suggested a pH range of 5.4 
to 6.8 as being desirable for apples. In 1941, Spurway (21) in Michigan 
specified a pH range of 5.0 to 6.5 as being the optimum for apples. Morgan, 
Gourley and Albeiter (13) considered the apple to be adapted to a wide pH 
range, but cautioned against the use of soils sufficiently alkaline to cause 
chlorosis. Loughridge (8) listed the apple as being highly susceptible to 
injury from sodium carbonate, which produces black alkali in the soil. 

The relation between the lime content and the pH of the soil has 
received considerable attention. Buehrer and Williams (3) found that 
when no black alkali was present, soil with 20% lime had a pH of around 
7.5; with 70% lime, a pH of around 8.0. McGeorge (11) found calcareous 
soils containing no alkali to range around pH 8.0. 

/ 

Tree Records PROCEDURE 

In the first paper of this series (25), the general experimental set-up 
and the procedures used in obtaining the tree records were described. 
Groups of 5 lAture or nearly-mature McIntosh trees were selected in 
grower-owned orchards from Penticton to Oyama. Annual records were 
taken for 6 years (1937 to 1942) on trunk circumference, terminal length, 
total yield, and *‘profitable’' yield. This last consisted of fruits falling 
within the diameter range of 2\ to 3^ inches, and showing 20% or more of 
solid red colour. From the trunk circumference was calculated the “trunk- 
ground ratio,” a measure of tree size per unit area of ground occupied; and 
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from the yields was calculated the ^'biennial bearing index/' a measure of 
the degree of biennial bearing. These data were all averaged for 4-year or 
S-year periods, depending on their biennial bearing status. 

For the purpose of comparison with the soils data, the tree data have 
all been averaged for each plot. The results are presented in Table 3 in 
the Appendix. 

Soil Sampling 

Soil samples were obtained from all plots during the months of April 
and May, 1940. In each plot, composite samples were taken around one 
tree only. The procedure used was as follows: 

(1) Make borings with a l§-inch auger at each tree, and from the 
data thus obtained select the tree around which the soil appears best 
to represent the plot. (2) At distances of 4, 7 and 10 feet from the 
trunk, lay out a pattern of ten locations around this tree. (3) At 
each location, take a sample with the auger at a depth of 0 to 8 inches, 
and composite these samples. Mix thoroughly, pass through a 3-mm. 
screen, allow both soil and screenings to air dry, and weigh them to 
obtain the percentage of gravel larger than 3 mm. Discard the gravel. 
(4) In similar manner, make a composite from ten samples at the 8- to 
24-inch level, and from five samples at the 24- to 60-inch level. If a 
mixture of clear sand and gravel is encountered above 60 inches, 
sample the top of this mixture only. 

The three depths of sampling were selected after considerable study 
of root growth. The 0- to 8-inch depth was found to represent (usually) 
the area of greatest concentration of cover crop roots, combined with a 
low concentration of apple roots; the 8- to 24-inch depth represented the 
greatest concentration of apple roots; and the 24- to 60-inch depth repre¬ 
sented a lesser concentration again of apple roots. In some soils, the roots 
descended much deeper than this, but they were usually sparsely scattered 
at the lower depths. The data on root growth will be reported in a subse¬ 
quent paper. 

Moisture Holding Capacity 

The moisture holding capacity, expressed in inches of water per foot 
of soil (M.C.F.), was determined by the settling volume procedure outlined 
in a previous paper by Wilcox and Spilsbury (26). The following equation 
was used to transfer settling volume to moisture holding capacity: 
Moisture holding capacity (M.C.F.) = 0.0760 X settling volume — 0.321. 
Each figure thus obtained was multiplied by the depth in feet, to obtain 
the amount of water held at each of the three depths. These were then 
added together, to obtain the amount held in the whole profile to the depth 
sampled. The purpose of this procedure has been discussed in a previous 
paper by Wilcox and Spilsbury (27). In making the calculations, correc¬ 
tions were made for the percentage of gravel over 3 mm., on the assumption 
that its moisture holding capacity was zero. Thus if the screened soil had 
a moisture holding capacity of 4.0 inches, but the gravel content of the 
unscreened soil was 25%, then the correct (adjusted) moisture holding 
capacity was assumed to be 75% of 4.0, or 3.0 inches. It was also assumed 
that the underlying mixture of coarse sand and gravel, found in many plots, 
had a moisture holding capacity of zero. 
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Lime Content of Soil 

The approximate amount of carbonates present in the soil was deter¬ 
mined by a quick test developed by the author. To establish a standard 
for this test, increasing amounts of C.P. calcium carbonate were mixed 
thoroughly in samples of a number of soils that originally showed no 
effervescence with hydrochloric acid. These mixtures (0 to 7% calcium 
carbonate) were treated by the same procedure as the unknowns, and from 
the data obtained a curve was established relating the lime content to the 
froth readings. The readings obtained from the unknowns were then 
transferred into carbonate readings, expressed in terms of lime content. 
The procedure used in obtaining the readings was as follows: 

Pour about 5 ml. of water into a tall 100 ml. graduated cylinder. 
Add 10.0 gm. of air-dried soil. Insert a long, strong stirring rod. 
Make up to 20.0 ml. with water, washing down the soil adhering to 
the side of the cylinder with it. Add in one motion 10.0 ml. of 1 
normal hydrochloric acid, stir vigorously, and note the maximum 
height to which the froth rises. Determine carbonate content from 
chart. 

Readings were made in duplicate, or in triplicate if the first two were not 
close enough together. The results shown in Column 7 of Table 4 are the 
averages, adjusted for gravel content. 

Soil pH 

The pH was determined with a glass electrode. Boiled distilled water 
was added to the soil until a ‘^pasty*' condition was obtained, as suggested 
by Doughty (5). The difference between the pH at this moisture content 
and that at the moisture holding capacity was found to be scarcely measur¬ 
able in most cases. Readings were made in duplicate, or in triplicate if the 
first two were more than 0.1 pH apart. The. results shown in Column. 6 
of Table 4 are the averages. The pH values of the different soil levels 
were averaged to obtain the *'average’* pH for each profile. 

Statistical Procedures 

The data obtained were examined statistically by means of correlations, 
regression lines, and scatter diagrams, as outlined in the first paper (25) 
of this series. The soils data were obtained from 74 plots, but the tree 
data were considered reliable from only 66 of these plots. These figures 
are mentioned in order to assist in interpreting the significance of the 
correlations reported below. 

RESULTS 

The more pertinent of the data on which this report is based are tabu¬ 
lated in the Apjyndix. In Table 3 are shown the number of trees per plot, 
the trunk-grouTO ratio (a measure of tree size per unit area of ground), and 
the plot averages of terminal length, biennial bearing index, total yield 
per acre, and profitable yield per acre. These were all calculated from the 
"Summary” data described and presented in Paper I (25) of this series. 
In Table 4 are shown the soil depth, gravel content, moisture holding 
c^ipacity per soil layer and per profile, moisture holding capacity per foot of 
soil, pH, and lime content. 
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Soil Depth 

Only 22 plots out of 75 had five feet or more of soil that could be classed 
as suitable for normal root growth. As will be seen from Column 2 of 
Table 4, a high percentage of the plots had only about two feet of soil. 
Where the soil was less than 60 inches in depth, it was in all cases underlaid 
by a mixture of clear gravel and coarse sand, in various proportions. 
Where the soil was deeper th^n 60 inches, no attempt was made to deter¬ 
mine its actual depth. There was no evidence of poor drainage in any of 
the plots. Such cases do occur in the Okanagan Valley, but care was 
taken to avoid them in the original selection of plots. 

An examination of the data revealed that neither soil depth nor soil 
texture by itself was as important in influencing tree performance as were 
the two of them taken together. A convenient method of combining them 
was found to be in the form of the moisture holding capacity, expressed in 
inches of water (26); and this has therefore been the method used as a 
basis for making correlations. 


Moisture Holding Capacity 

The moisture holding capacity was expressed first as inches of water 
per foot of soil; and these figures were then adjusted for the gravel content, 
on the assumption that particles over 3 mm. in size had a moisture holding 
capacity of zero. The moisture holding capacity was reported previously 
(26) to show a high positive correlation with the colloid content, and a 
high negative correlation with the sand content. It was used in this 
investigation, therefore, as a convenient index of average soil texture. 


Table 1.—Range of each soil measurement 


Soil measurement 

Soil depth 



Mean 

Depth, in inches 

inches 

17 

60* 

38.3 

Gravel content (over 3 mm.) in per cent 

0— 8 


62.5 

7.1 

8-24 


64.0 

20.8 


24-60 



4.0 

Moisture holding capacity, in inches of 

0- 8 

1.23 

4.32 

3.20 

water per foot of soilf 

8-24 


4.62 

2.84 

24-60 

1.34 

4.67 

3.39 

Moisture holding capacity, in inches of 





water per profilej 

0-60 

2.86 


9.19 

Lime content, in per centf 

0- 8 

0 

1.4 

0.03 

8-24 


3.6 

0.39 


24-60 

0 

6.2 

2.31 

pH 

0- 8 

5.67 

7.64 

6.54§ 

8-24 


8.19 

6.97§ 


24-60 

6.65 

8.34 

7.52§ 


0-60 

5.91§ 

8.03§ 

6.9li 


• The soil was not sampled below a depth of 60 inches. 

t The moisture holding capacity has been adjusted for gravel content, on the assumption that particles 
over 3 mm. in diameter have a moisture holding capacity of zero. The mixture of coarse sand and gravel 
underlying the soil at varying depths was ignored. The lime content has also been adjusted for per cent gravel. 
I Measured to the actual soil depth, the maximum of which was 60 inches. 

I Unweighted averages. 
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As will be seen from Table 1, there were wide variations both in the 
gravel content and irx the moisture holding capacity. For the most part, 
the shallow soils had high gravel contents. Most of them also had low 
moisture holding capacities, even without adjusting for the gravel. On 
the other hand, the deeper soils contained very little if any gravel and had 
high moisture holding capacities. About one-half of the plot soils could 
be classed as shallow and sandy, about one-quarter as deep and heavy, 
and about one-quarter as intermediate in depth and texture. 

Some correlations of the moisture holding capacity with the pH and 
with the tree data are presented in Table 2. The pH correlations are 
discussed below under “pH.*' The profile total of the moisture holding 
capacity (representing a combination of soil depth and texture) showed 
significant (odds 19:1 or better) or highly significant (odds 99 : 1 or better) 
positive correlations with terminal length, total yield, and profitable yield, 
and a significant negative correlation with biennial bearing index. In 
other words, the trees on the heavier and deeper soils tended to be more 
vigorous, to bear more regularly, and to have higher yields of both total 
and profitable fruit. Adjusting the total yield for differences in terminal 
length and biennial bearing index lowered the correlation somewhat. It 
appears that the higher yields found in the better soils could be attributed 
in part to better vigour and more regular bearing, and in part to other 
factors. Some of these other factors will be discussed in subsequent papers 
in this series. 

Table 2.—Some correlations between soil properties and tree performance 


Two sets of data correlated 

Coefficient of 
correlation 

M.C.F., *0- 8 inches 

pH, 0- 8 inches 

+ .084 (NS)§ 

M.C.F., 8-24 inches 

pH, 8-24 inches 

-f- .554 (HS) 

M.C.F., 24-60 inches 

pH, 24-60 inches 

-f .672 (HS) 

Moisture capacity, profile total 

pH, profile average 

-f- .586 (HS) 

Moisture capacity, profile total 

Trunk-ground ratio 

-f- .013 (NS) 

Moisture capacity, profile total 

Terminal length 

+ .262 (S) 

Moisture capacity, profile total 

Biennial bearing index 

- .267 (S) 

Moisture capacity, profile total 

Total yield 

-f .410 (HS) 

Moisture capacity, profile total 

Total yield, 3 adjustments! 

+ .272 (S) 

Moisture capacity, profile total 

Profitable yield 

+ .393 (HS) 

pH, profile average 

Trunk-ground ratio 

-f .020 (NS) 

pH, profile average 

Terminal length , 

+ .060 (NS) 

pH, profile average 

Biennial bearing index 

- .038 (NS) 

pH, profile average 

Total yield 

+ .267 (S) 

pH, profile average 
pH, 0-8 inches 
pH, profile average 

Profitable yield 

Total yield 

Total yield, with M.C.F. effects 

-f .259 (S) 

+ .151 (NS) 

pH, profile average 

eliminated! 

Profitable yield, with M.C.F. 
effects eliminated! 

+ .036 (NS) 

-h .039 (NS) 


• M.C.F. Moisture holding capacity per foot of soU. It has been adjusted for the per cent gravel, 
t Yields adjusted for all three of trunk-ground ratio, terminal length and biennial bearing index. All 
other yields noted in this table have been adjusted for trunk-ground ratio only. 
t Partial correlations, with the M.C.F. held constant, 
f NS—Non-significant, with odds lower than 19 :1. 

S—Significant, with odds between 19 :1 and 99 :1. 

HS—Highly significant, with odds higher than 99 : 1. 
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The scatter diagram of total yield plotted against total moisture hold¬ 
ing capacity per profile is shown in Figure 1. It will be seen that although 
the general trend was a positive one, there were some fairly low yields on 
heavy, deep soils (i.e. those with high moisture holding capacities), and 
some fairly high yields on light, shallow soils. If the two plots with excep¬ 
tionally high yields are ignored, there appears to have been a fairly steady 
increase in the maximum yield attained at each moisture holding capacity 
as this factor has increased. vThe differences in maximum (or ‘‘possible”) 
yield that could be attributed to soil depth and texture alone, however, 
were not more than about 200 loose boxes per acre. The scatter diagram 
of profitable yield plotted against moisture holding capacity is very similar 
to that in Figure 1. 



TOTAL MOlSTURE-HQUUm CAPACITY OP FBOFIU: IN INCHES OP HATER 

Figure 1. Scatter diagram of total moisture holding capacity of soil to 60 inches 
plotted against total tree yield. + .410.) 

Lime Content of Soil 

Lime was present in the surface 8 inches of soil in only a very small 
percentage of the plots. It was suspected that wherever the lime appeared 
at or close to the surface, the original surface soil had been lost by erosion, 
or had been removed in levelling the soil prior to planting. 

The presence of lime in the soil below a depth of 8 inches depended 
primarily on the texture of the soil. In sandy soil, no lime at all was 
recorded in the 8- to 24-inch layer, and almost none in the 24- to 60-inch 
layer. In the heavier soils, however, lime was usually present in moderate 
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amount in the 8- to 24-inch layer and in still higher amount in the 24- to 
60-inch layer. Thus the heavier and deeper the soil and the higher the 
total moisture holding capacity, the higher also was the average lime 
content of the profile. Owing to the fact that so many of the profiles 
showed no free lime, no attempt was made to calculate any coefficients of 
correlation involving lime content. 

Soil pH 

The pH was affected by soil depth, soil texture, lime content, and 
fertilizers applied. The effects of the fertilizers will be reported in a 
subsequent paper. 

Since the lime content of the soil was so closely related to soil depth 
and soil texture (as just noted), it was found difficult to separate entirely 
the effects of these three factors from one another. The presence of lime 
raised the pH to above 7.3 in every case, and usually to around 8.0. The 
pH tended to increase both with an increase in the lime content and with an 
increase in depth. The highest pH recorded was 8.34 (see Table 1), and 
the lowest with lime present was 7 .35. With no measurable lime present, 
the pH was usually below 7.0, though occasionally it was above this figure. 
In one case (Plot WIO, 24 to 60 inches), the pH was 8.24 with no evidence 
of any free lime, indicating the possibility of the presence of a small amount 
of black alkali. 



MOISIUBE BOIDIlia CAPACIIY PER FOOT OP SOIL IK INCHES OF WATER 


Figure 2. Scatter diagram of moisture holding capacity per foot of soil plotted 
a^hMt soil pH. Different marks are used for the three different soil depths. (At 
9^ inches f « 4- .084, at 8-24 inches r ■■ 4- .551, and at 24 -^ inches r — 4- . 672 .) 
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The pH varied with changes in the moisture holding capacity, and 
hence with changes in soil texture. Highly significant positive correlations 
were obtained between pH and moisture holding capacity per foot of soil 
in the 8- to 24-inch layer and in the 24- to 60-inch layer, but not in the 
0- to 8-inch layer (Table 2). These relationships are illustrated in Figure 2. 
To some extent, the effect of soil texture is due to the presence of higher 
percentages of lime in the heavier soils. In the surface soils, however, the 
factor that has affected the pH the most appears to have been the cultural 
practices, more especially fertilizing and cover cropping. 

The pH also varied with soil depth. In the heavy, deep soils there 
was almost invariably an increase in pH with increase in depth; but in a 
few of the light, shallow soils the pH was slightly lower in the 8- to 24-inch 
layer than in the 0- to 8-inch layer. The differences between the three 
layers studied are illustrated in Figure 2. When soil texture and depth 
were combined in the form of total moisture holding capacity per profile, 
this showed a highly significant positive correlation with the average pH 
of the profile (Table 2 and Figure 3). In other words, the heavier, deeper 
soils tended to have higher pH values than did the lighter, shallower soils. 

The correlations between the average pH of the profile and tree per¬ 
formance are shown in Table 2. There was no evidence of any relationship 
between pH on the one hand and trunk-ground ratio, terminal length, or 
biennial bearing index on the other hand. There were significant positive 
correlations, however, between pH and yield (both total and profitable). 



Figure 3. Scatter diagram of total moisture holding capacity of soil to 60 inches 
plotted against average pH of profile, (r = + . 586.) 
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In other words, there was a distinct tendency for the higher yields to occur 
along with the higher average pH values. This is illustrated in Figure 4, 
showing total yield per acre plotted against average pH of profile. When 



Figure 4. Scatter diagram of average pH of profile plotted against total tree 
yield, (r =* -f .267.) 

the yield was correlated with the pH of the surface 8 inches only, the co¬ 
efficient was positive and much lower in value. However, when the effects 
of moisture holding capacity were eliminated from the correlations between 
average pH and yield, the coefficients were reduced almost to zero, both 
with total yield and profitable yield. There is thus no proof that the pH 
of itself had any effect one way or the other on tree yield; ;n other words, 
the trees seem to have performed equally well at all points within the pH 
range of 6.0 to 8.0. 

It should be noted that in the original selection of plots an attempt 
was made to av(jj| all areas showing black alkali; and as far as known, 
sufficient alkali was not encountered in any plot to cause injury to the 
plants. The positive correlation found between pH and yield appears to 
be due to some one or more factors (other than pH) that were closely 
associated with soil texture and depth. 
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DISCUSSION 

It is of interest to compare the results obtained in this investigation 
with those reported by other workers. In New York (1, 4, 7, 17, 22), 
Michigan (20, 23), Virginia (2) and various other areas, heavy or slatey 
subsoils have been found to be deleterious to tree growth and production. 
The main reason for this has been the presence of poor drainage and a high 
water table, a combination frequently reported in the Eastern Slates and 
in Eastern Canada. Another reason has been the occasional presence of a 
true hardpan, which has been impervious not only to water but to tree 
roots as well. In the investigation reported herein, the deeper and heavier 
the subsoil (to a depth of 60 inches), the better on the average was the 
performance of the trees. However, there was in this case no high water 
table and no definite hardpan. There was no evidence of insufficient 
drainage in the plots studied. In some low-lying parts of the Okanagan 
Valley, seepage water is in evidence; but these areas were not encountered 
in this investigation. In only one case was there any evidence of root 
growth having been inhibited by a tight soil. As will be noted in a subse¬ 
quent paper, the roots of apple trees were found to grow downward freely 
to a depth of at least 8 feet. One reason for this was that in the deeper soils 
the heaviest horizons (of laminated clay) were comparatively thin, and 
alternated with lighter layers rich in lime in a comparatively loose form. 
It is apparent from these findings that the presence of clay in the subsoil 
does not necessarily induce conditions unfavourable for normal tree growth. 

•Another relationship that does not conform to the findings of some 
other investigators is that found between soil pH and tree performance. 
In New York (18), a pH range of 5.4 to 7.8 was found to correlate 
negatively with yield of Baldwins. The optimum pH range specified for 
apples is 5.0 to 6.5 in Michigan (21) and 5.4 to 6.8 in Connecticut (12). 
In this present investigation, a pH range (profile average) of 5.91 to 8.03 
was found to correlate positively with tree vigour and tree yield. By 
partial correlations, it was found that this correlation was caused not by 
any direct effect of soil pH on tree performance, but rather by a close 
relationship between soil pH on the one hand and soil depth and texture on 
the other hand. In other words, there was no evidence of either a beneficial 
effect or a deleterious effect of increasing pH within the range studied. 
This conforms to the findings of Veatch and Partridge (24) in Michigan. 

It appears from this investigation that within a pH range of 6.0 to 
8.0, any apparent effects of pH on tree performance cannot safely be attri¬ 
buted to pH alone; they are more likely to be due to other factors, with 
which the pH happens to be associated. In this case, the lowest pH values 
were found in the poorest soils, those that have been subject to the greatest 
leaching; and the highest pH values were found in the heaviest and deepest 
soils, which contain the greatest reserves of soil moisture and plant nutrients. 
In some other parts of the world, a high pH has no doubt been associated 
with certain undesirable conditions. In New York (18), for example, it 
appears in some case to have been associated with an impermeable subsoil. 
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SUMMARY 

Growth and yield records were obtained from 74 plots (5 trees per 
plot) of McIntosh trees scattered through the Okanagan Valley from 
Penticton to Oyama. Soil samples were obtained in each plot at depths 
of 0-8 inches, 8-24 inches and 24-60 inches. Sampling was discontinued at 
the gravel if it was encountered at a lesser depth than 60 inches. Gravel 
content, moisture holding capacity (expressed both in per cent and in 
inches of water), lime content and pH were determined on each soil sample. 
The total moisture holding capacity per profile was used as a combination 
measurement of soil texture X depth. 

The depth of soil ranged from 17 inches to at least 60 inches, the gravel 
content from 0 to 43%, the moisture holding capacity from 1.34 to 4.67 
inches per foot of soil and from 2.86 to 23.05 inches to a depth of 60 inches 
of soil, the lime content from 0 to 6.2%, the pH from S.67 to 8.34, and 
the average pH per profile from 5.91 to 8.03. 

In about one-quarter of the plots, the soil was comparatively heavy 
and at least 60 inches deep; in about one-half it was light and only 24 
inches or less in depth; and in the remainder it ranged between these two 
groups in texture and depth. The deeper, heavier soils had, on the average, 
higher moisture holding capacities, more lime, and higher pH values than 
the lighter, shallower soils. In the deeper soils, both the lime content and 
the pH increased with depth. There was no evidence of true hardpan or 
of excess moisture in the soil in any of the plots selected for this study. 

The more pertinent of the coefficients of correlation revealed the 
following trends: (1) The heavier and deeper the soil (as measured by the 
total moisture holding capacity to a depth of 60 inches), the higher was the 
average pH, the more vigorous were the trees, the less was the degree of 
biennial bearing, the higher was the total yield, and the higher was the 
yield of high quality fruit. (2) The higher the pH, the higher was the 
total yield. However, when the effects of moisture holding capacity were 
eliminated by partial correlations, there was found to be no direct relation¬ 
ship between pH and yield. There was no relationship found between pH 
on the one hand and tree vigour and biennial bearing on the other hand. 

It is concluded that the deeper, heavier soils in the plots chosen showed 
better promise for good tree performance than did the lighter, shallower 
soils. Just what factors entered into this effect were not determined. 
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Table 3.—McIntosh plot tree data 
(Plot averages) 


1 

2 

3 

4 

5 

6 

7 

Plot No. 

No. of trees 

Trunk- 
; ground 
ratio 

Terminal 

length 

Biennial 

bearing 

index 

Total 

yield* 

Profitable 

yield* 




cm. 


boxes 

boxes 

P2t 

5 

.27 

28.1 

70 

1227 

nil 

P3 

5 

.29 

29.1 

66 

1079 

1058 

P4 

5 

.29 

28.0 

66 

1051 

977 

PI 

3 

.27 

28.9 

69 

987 

891 

P9 

5 

.37 

28.4 

38 

1813 

1525 

PIO 

1 

.33 

32.3 

35 

1950 

1531 

P5 

5 

.49 

38.7 

19 

1477 

942 

P7 

3 

.39 

25.9 

56 

1123 

936 

P6 

4 

.37 

26.7 

48 

1007 

912 

S12 

5 

.32 

19.3 

93 

768 

687 

SIO 

5 

.38 

26.2 

61 

716 

671 

T2 

4 

.48 

28.2 

100 

1001 

842 

T3 

4 

.43 

32.4 

85 

1235 

1084 

T6 

5 

.26 

29.1 

96 

1328 

1131 

T7 

5 

.26 

29.8 

83 

1334 

1110 

T8 

5 

.40 1 

28.7 

25 

1435 

1242 

T9 

1 

.34 

22.6 

58 

1264 

1165 

K2 

4 

.31 

16.4 

26 

1339 

1230 

K6 

3 

.25 

22.7 

24 

1413 

1246 

K21 

5 

.31 

21.1 

65 

1135 

1011 

K7 

5 

.32 

26.0 

57 

1080 

978 

K9 

5 

.37 

21.0 

76 

924 

861 

K27 

5 

.36 

16.2 

76 

781 

739 

K16 

5 

.33 

24.4 

67 

1174 

1082 

KIO 

4 

.34 

22.9 

37 

1153 

1066 

K54 

5 

.33 

26.1 

16 

1420 

1110 

Kll 

3 

.22 

1 27.2 

47 

1254 

998 

K12 

5 

.28 

25.4 

42 

1349 

1144 

K13 

5 

.29 

25.8 

52 

1326 

1158 

K14 

5 

.26 

25.2 

51 

1282 

1103 

K15 

3 

.25 

24.7 

47 

914 

772 

K46 

3 

.26 

28.1 

47 

1139 

928 

K51 

3 

.31 

26.7 

61 

1083 

893 

K22 

5 

.28 

27.7 

67 

1321 

1206 

K25 

5 

.38 

28.2 

37 

1534 

1342 

K24 

3 

.37 

25.5 

56 

1509 

1360 

K49 

4 

.28 

30.4 

38 

1350 

1013 

K8 

5 

.32 

22.0 

32 

1660 

1433 

K48 

5 

.26 

30.5 

56 

1406 

1157 

B29 

5 

.25 

22.8 

45 

1080 

977 

B30 

5 

.27 

32.4 

59 

1170 

978 

B31 

4 

.27 

23.5 

45 

1165 

1031 

B1 

5 

.37 

22.5 

64 

1092 

935 

B34 

5 

.39 

25.9 

83 

1070 

929 

B33 


.37 

19.7 

48 

1413 

1307 

B38 

5^ 

.42 

19.2 

57 

1159 

1084 

B36 

5 

.40 

26.1 

87 

880 

844 

B37 

5 

.36 

28.0 

72 

896 

838 

G42 

5 

.31 

25.7 

23 

1602 

1328 

G50 

5 

.42 

26.6 

71 

858 

849 

G26 

5 

.33 

24.4 

15 

1576 

1313 


* The total and profitable yield are expressed in terms of loose bushel boxes per acre, adjusted for differ* 
cncei in size of tree. 

t The arrangement of the plot numbers is by position in the field, rather than by number. 
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APPENDIX 

Table 3.—McIntosh plot tree data— Continued 
(Plot averages) 


1 

2 

3 

4 

5 

6 

7 

Plot No. 

No. of trees 

Trunk- 
ground ‘ 
ratio 

Terminal 

length 

Biennial 

bearing 

index 

Total 

yield* 

Profitable 

yield* 




cm. 


boxes 

boxes 

G18 

5 

.38 

25.7 

61 

1032 

768 

G17 

5 

.29 

19.6 

76 

978 

880 

G19 

5 

.34 

22.1 

31 

1144 

1023 

G20 

5 

.30 

20.2 • 

28 

1216 

1147 

W2 

5 

.32 

19.5 

26 

1060 

953 

W7 

5 

.29 

28.0 

16 

996 

822 

W6 

5 

.29 

23.8 

47 

909 

852 

W5 

5 

.31 

18.4 

28 

1261 

1030 

W9 

5 

.37 

29.5 

19 

1583 

1224 

W8 

5 

.34 

27.0 

12 

1486 

1213 

WIO 

4 

.48 

25.4 

30 

1391 

1222 

014 

5 

.32 

23.1 

20 

1274 

1134 

017 

5 

.34 

25.1 

72 

1000 

896 

015 

5 

.25 

33.4 

28 

1181 

966 

019 

5 

.36 

14.6 

57 

927 

768 


* The total and profitable yield are expressed in terms of loose bushel boxes per acre, adjusted for differ¬ 
ences in size of tree. 

t The arrangement of the plot numbers is by position in the field, rather than by number. 


Table 4.—McIntosh plot soils data 


1 

2 

3 

4 

5 

6 

7 

Plot No. 

Soil depth 

Gravel 

content* 

M.C.F.t 

M.C.F. 

X 

depth 

pH 

Lime 

content 


inches 

% 

inches 

inches 


% 

P2 

0- 8 

0.0 

3.58 

2.38 

6.85 

0.0 


8-24 

0.0 

3.48 

4.64 

7.88 

2.1 


24-60 

0-60 

0.0 

3.43 

10.29 

17.31t 

8.08 

7.60t 

5.2 

P3 

0- 8 

0.0 

3.63 

2.52 

6.28 

0.0 


8-24 

0.0 

3.32 

4.43 

7.47 

0.1 


24-60 

0-60 

0.0 

3.03 

9.09 

16.04 

8.13 

7.29 

3.9 

P4 

0- 8 

0.0 

3.52 

2.34 

6.36 

0.0 


8-24 

0.0 

3.31 

4.41 

7.75 

0.6 

1 

1 

24-60 
0-60 1 

0.0 

3.43 

10.29 

17.04 

8.13 

7.41 1 

5.4 


• The M.C.F. and lime content have been adjusted for the per cent gravel, 
t M.C.F. — moisture holding capacity, expressed as inches of water per foot of soil. 

M.C.F. X depth « moisture capacity multiplied by depth in feet, to give the inches of water held in 
each unit of the profile. 

t Total of M.C.F. X depth and average of profile pH. The average pH is unweighted. 
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Table 4.—McIntosh plot soils data— Continued 


1 

2 

3 

4 

5 

6 

7 

Plot No. 

Soil depth 

Gravel 

content* 

M.C.F.t 

M.C.F. 

X 

depth 

pH 

Lime 

content 


inches 

% 

inches 

inches 


% 

PI 

0- 8 

0.0 

3.59 

2.39 

7.61 

1.4 


8-24 

0 0 

3.43 

4.57 

8.19 

5.2 


24-60 

0.0 

3.10 

9.30 

8.29 

2.8 


0-60 



16.26 

8.03 


P9 

0- 8 

0.0 

3.22 

2.15 

7.13 

0.0 


8-24 

0.0 

3.32 

4.43 

7.89 

0.1 


24-60 

0.0 

3.69 

11.07 

8.19 

4.9 


0- 8 



17.65 

7.74 


PIO 

0- 8 

0.0 

2.96 

1.97 

7.40 

0.0 


8-24 

0.0 

2.83 

3.87 

7.79 

0.0 


24-60 

0.0 

3.50 

10.50 

8.14 

4.5 


0-60 



16.34 

7.78 


P5 

0- 8 

0.0 

3.45 

2.30 

6.67 

0.0 


8-24 

0.0 

3.28 

4.37 

7.93 

1.6 


24-60 

0.0 

3.05 

9.15 

8.33 

3.0 


0-60 



15.82 

7.64 


P7 

0- 8 

21.9 

2.50 

1.67 

6.68 

0.0 


8-24 

0.0 

2.85 

3.67 

6.73 

0.0 


0-24 



5.34 

6.70 


P6 

0- 8 

0.0 

3.37 

2.25 

6.68 

0.0 


8-24 

29.4 

1.98 

2.64 

6.35 

0.0 


0-24 



4.89 

6.51 


S12 

0- 8 

0.0 

2.96 

1.97 

6.93 

0.0 


8-24 

33.7 

1.66 

2.21 

8.09 

0.1 


0-24 



4.18 

7.51 


SIO 

0- 8 

18.0 

2.24 

1.49 

6.78 

0.0 


8-24 

40.1 

1.42 

1.89 

6.64 

0.0 


0-24 



3.38 

6.71 


T2 

0- 8 

8.0 

2.94 

1.96 

6.11 

0.1 


8-36 

19.4 

2.55 

5.95 

8.06 

3.3 


0-36 



7.91 

7.08 


T3 

0- 8 

7.9 

2.53 

1.69 

6.15 

0.0 


8-24 

38.4 

1,52 

2.03 

7.31 

0.0 


,0-24 ' 



3.72 

6.73 


T6 

0- 8 

20.2 

2.65 

1.77 

7.64 

0.0 


8-24 

35.6 

1.77 

2.36 

7.48 

0.0 


0-24 



4.13 

7.56 


T7 

0-8 

33.6 

2.19 

1.46 

7.39 

0.0 


84k 

57.4 

1.21 

1.61 

7.28 

0.0 


0-24 



3.07 

7.33 


T8 

0- 8 

4.3 

3.10 

2.07 

7.27 

0.0 


8-30 

28.2 

2.27 

4.16 

7.86 

0.6 


0-30 



6.23 

7.56 



* The M.C.F. and lime content have been adjusted for the per cent gravel, 
t " moisture holding capacity, expressed as inches of water per foot of soil. ‘ 

M.C.F. X depth — moisture capadty multiplied by depth in feet, to give the inches of water held in 
each unit of the profile. 

$ Total of M.C.F. X depth and average of profile pH. The average pH is unweighted. 
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Table 4.—McIntosh plot soils data— Continued 


1 

2 

3 

4 

5 

6 

7 

Plot No. 

Soil depth 

Gravel 

content* 

M.CF.t 

M.C.F. 

X 

depth 

pH 

Lime 

content 


inches 

% 

inches 

inches 


% 

T9 

0- 8 

2.2 

2.44 

1.63 

7.22 

0.0 


8-24 

18.5 

1.86 

2.48 

7.29 

0.0 


0-24 



4.11 

7.25 


K2 

0- 8 

0.0 

2.87 

1.91 

6.10 

0.0 


8-20 

26.7 

1.95 

1.95 

6.57 

0.0 


0-20 



3.86 

6.33 


K6 

0- 8 

0.0 

3.00 

2.00 

6.35 

0.0 


8-18 

36.8 

1.58 

1.32 

6.77 

0.0 


0-18 



3.32 

6.56 


K21 

0- 8 

0.0 

2.73 

1.82 

6.75 

0.0 


8—26 

0.0 

2.54 

3.81 

6.74 

0.0 


0-26 



5.63 

6.74 


K7 

0- 8 

0.0 

2.96 

1.97 

6.27 

0.0 


8-24 

0.0 

2.85 

3.80 

6.67 

0.0 


24-44 

0.0 

2.95 

4.91 

7.84 

0.5 


0-44 



10.68 

6.93 


K9 

0- 8 

0.0 

3.08 

2.06 

6.06 

0.0 


8-24 

4.1 

2.75 

3.67 

6.90 

0.0 


24-35 

13.0 

2.65 

2.43 

8.34 

0.9 


0-35 



8.16 

7.10 


K27 

0- 8 

0.0 

3.35 

2.23 

6.61 

0.0 


8-40 

61.7 

0.95 

2.25 

6.66 

‘ 0.0 


0-40 



4.45 

6.63 


K16 

0- 8 

0.0 

3.22 

2.14 

6 70 

0.0 


8-24 

0.0 

3.20 

4.27 

6.96 

0.0 


24-54 

0.0 

3.73 

9.34 

7.98 

3.0 


0-54 



15.75 

7.21 


KIO 

0- 8 

8.7 

2.76 

1.84 

6.73 

0.0 


8-27 

54.7 

1.16 

1.84 

6.49 

0.0 


0-27 



3.68 

6.61 


K39 

0- 8 

62.5 

1.23 

0.82 

6.56 

0.0 


8-29 

51.1 

1.25 

2.19 

6.30 

0.0 


0-29 



3.01 

6.43 


K53 

0- 8 

32.8 

2.44 

1.63 

6.04 

0.0 


8-28 

62.3 

1.09 

1.82 

5.98 

0.0 


0-28 



3.45 

6.01 


K54 

0- 8 

9.2 

2.86 

1.91 

6.40 

0.0 


8-25 

64.0 

0.94 

1.33 

6.36 

0.0 


0-25 



3.24 

6.38 


Kll 

0- 8 

12.8 

2.89 

1.93 

6.46 

0.0 


8-22 

59.4 

1.01 

1.18 

6.36 

0.0 


0-22 



3.11 

6.41 



• The M.C.F. and lime content have been adjusted for the per cent gravel, 
t M.C.F. — moisture holding capacity, express as inches of water per foot of soil. 

M.C.F. X depth moisture capacity multiplied by depth in feet, to give the inches of water held In 
each unit of the profile. 

t Total of M.C.F. X depth and average of profile pH. The average pH is unweighted. 
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Table 4.—McIntosh plot soils data— Continued 


1 

2 

3 

4 

5 

6 

7 

Plot No. 

Soil depth 

Gravel 

content* 

M.C.F.t 

M.C.F. 

X 

depth 

pH 

Lime 

content 


inches 

% 

inches 

inches 


% 

K12 

0- 8 

12.0 

2.74 

1.83 

5.87 

0.0 

8-23 

53.8 

1.12 

1.40 

6.34 

0.0 


0-23 



3.23 

6.10 


K13 

0- 8 

11.8 

2.84 

1.89 

6.30 

0.0 


8-25 

46.4 

1.26 

1.78 

6.34 

0.0 


0-25 



3.67 

6.32 


K14 

0- 8 

11.0 

2.78 

1.85 

5.99 

0.0 


8-24 

47.4 

1.25 

1.67 

6.36 

0.0 


0-24 



3.52 

6.17 


K15 

0- 8 

27.2 

2.40 

1.60 

6.66 

0.0 


8-23 

58.0 

1.07 

1.34 

6.46 

0.0 


0-23 



2.94 

6.56 


K46 

0- 8 

9.4 

2.74 

1.83 

6.27 

0.0 


8-22 

46.4 

1.29 

1.50 

6.51 

0.0 


0-22 



3.33 

6.39 


K51 

0- 8 

9.9 

2.79 

1.86 

5.67 

0.0 


8-21 

45.1 

1.32 

1.43 

6.15 

0.0 


0-21 



3.29 

5.91 


K17 

0- 8 

0.0 

3.50 

2.33 

6.64 

0.6 


8-24 

0.0 

3.73 1 

4.97 

6.54 

0.0 


24-48 

0.0 

4.12 

8.14 

7.80 

2.6 


0-48 



15.44 

6.99 


K18 

0- 8 

0.0 

4.18 

2.78 

6.72 

0.0 


8-24 

0.0 

4.45 

5.94 

7.74 

2.7 


24-60 

0.0 

4.22 

12.66 

8.23 

3.3 


0-60 



21.38 

7.56 


K22 

0- 8 

13.2 

2.65 

1.77 

5.83 

0.0 


8-22 

50.4 

1.60 

1.87 

6.14 

0.0 


0-22 



3.64 

5.98 


K44 

0- 8 

14.0 

2.86 

1.91 

5.78 

0.0 


8-22 

63.2 

0.97 

1.13 

6.10 

0.0 


0-22 



3.04 

5.94 


K25 

0— 8 

0.0 

4.08 

2.72 

, 6.53 

0.0 


8-24 

0.0 

4.58 

6.10 

7.35 

1.4 


24-60 

0.0 

4.58 

13.64 

7.78 

2.3 


0-60 



22.46 

7.22 


K24 

0- 8 

0.0 

2.78 

1.85 

6.54 

0.0 


^-24 

19.3 

1.97 

2.62 

6.64 

0.0 


24-57 

16.1 

2.58 

7.09 

8.02 

0.7 


0-57 



11.56 

7.07 



* The M.C.F. and lime content have been adjusted for the per cent gravel, 
t M.C.F. •» moisture holding capacity, expressed as inches of water per foot of soil. 

M.C.F. X depth * moisture capacity multiplied by depth in feet, to give the inches of water held in 
each unit of the profile. 

t Total of M.C.F. X depth and average of profile pH. The average pH is unweighted. 
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Table 4.—McIntosh plot soils data— Continued 


1 

2 

3 

4 

5 

6 

1 

7 

Plot No. 

Soil depth 

Gravel 

content* 

M.C.F.t 

M.C.F. 

X 

depth 

pH 

Lime 

content 


inches 

% 

inches 

inches 


% 

K49 

0- 8 

0.0 

4.32 

2.88 

6.69 

0.0 


8-24 

0.0 

4.62 

6.16 

7.95 

3.6 


24-60 

0.0 

4.67 

14.01 

7.63 

2.0 


0-60 



23.05 

7.42 


K8 

0— 8 

' 0.0 

3.84 

2.56 

7.02 

0.0 


8-24 

0.0 

4.00 

5.44 

7.64 

2.5 


24-60 

0.0 

4.22 

12.66 

7.96 

2.2 


0-60 



20.66 

7.54 


K48 

0- 8 

0.0 

4.26 

2.84 

6.63 

0.0 


8-24 

0.0 

4.35 

5.91 

7.65 

1.7 


24-60 

0.0 

4.35 

13.05 

8.22 

3.2 


0-60 



21.80 ; 

7.50 


B29 

0- 8 

0.0 

2.85 

1.90 ' 

6.93 

0.0 


8-30 

0.0 

2.60 

4.76 i 

7.10 

0.0 


0-30 



6.66 

7.01 


B30 

0- 8 

0.0 

2.92 

1.95 

6.21 

0 0 


8-27 

0.0 

2.68 I 

4.25 

6.68 

0,0 


0-27 



6.20 

6.44 


B31 

0- 8 

0.0 

2.92 

1.95 

5.82 

0.0 


8-27 

0.0 

2.70 

4.28 

6.78 

0.0 


0-27 



6.23 

6.30 


B1 

0- 8 

0.0 

3.05 

2.04 

6.21 

0.0 


8-24 

0.0 

2.88 

3.92 

6.69 

0.0 


24-57 

0.0 

3.23 

8.88 

8.01 

0.9 


0-57 



14.84 

6 97 


B34 

0- 8 

5.3 

2.58 

1.72 

6.47 

0.0 


8-24 

7.1 

2.65 

3.60 

6.58 

0.0 


24-38 

43.0 

1.34 

1.56 

6.65 

0.0 


0-38 



6.88 

6.57 


B33 

0- 8 

0.0 

2.70 

1.80 

6.60 

0.0 


8-24 

0.0 

2.65 

3.60 

6.44 

0 0 


24-36 

0.0 

2.38 

2.38 

6.t)^ 

0.0 


0-36 



7.78 

6.66 


B38 

0- 8 

0.0 

2.98 ' 

1.99 

6.56 

0.0 


8-27 

0.0 

2.60 

4.11 i 

6.32 

0.0 


0-27 



6.10 1 

6.44 


B36 

0- 8 

0.0 

3.02 j 

2.01 

6.02 

0.0 


8-31 

37.4 

1.67 1 

3.20 

7. IQ 

0.0 


0-31 



5.21 

6.60 


B37 

0- 8 

0.0 

3.12 

2.08 

6.12 

0.0 


8-27 

31.1 

1.88 

2.98 

6.62 

0.0 


0-27 



5.06 

6.37 



* The M.C.F. and lime content have been adjusted for the per cent gravel, 
t M.C.F. *= moisture holding capacity, expressed as inches of water per foot ot soil. 

M.C.F. X depth »» moisture capacity multiplied by depth in feet, to give the inches of water held in 
each unit of the profile. 

t Total of M.C.F. X depth and average of profile pH. The average pH is unweighted. 
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Table 4.—McIntosh plot soils data— Continued 


1 

1 

2 

3 

4 

5 

6 

7 

Plot No. 

Soil depth 

Gravel 

content* 

M.C.F.t 

M.C.F. 

X 

depth 

pH 

Lime 

content 


inches 

% 

inches 

inches 


% 

G42 

0- 8 

0.0 

3.27 

2.18 

6.95 

0.0 


8-24 

0.0 

3.03 

4.12 

6.63 

0.0 


24-60 

0-60 

0.0 

2.73 

8.19 

14.49 

8.18 

7.25 

1.4 

G50 

0- 8 

0.0 

2.76 

1.84 

5.95 

0.0 


8-24 

0.0 

2.38 

3.24 

6.91 

0.0 


24-60 

0-60 

0.0 

2.70 

8.10 

13.18 

8.24 

7.03 

0.3 

G26 

0- 8 

0.0 

2.92 

1.95 

6.94 

0.0 


8-24 

0.0 

2.82 

3.70 

8.12 

0.1 


24-60 

0-60 

0.0 

2.73 

8.19 

13.84 

8.23 

7.76 

0.2 

G18 

0- 8 

9.9 

2.37 

1.58 

6.36 

0.0 


8-24 

18.9 

2.03 

2.76 

6.79 

0.0 

' 

24-44 

0-44 

22.5 

2.32 

3.87 

8.21 

7.73 

6.96 

0.1 

G17 

0- 8 

40.0 

2.06 

1.37 

7.02 

0.0 


8-24 

42.2 

1.66 

2.26 

7.31 

0.0 


24-40 

0-40 

24.8 

2.56 

3.41 

7.04 

8.21 

7.51 

1.5 

G19 

0- 8 

0.0 

4.10 

2.73 

7.12 

0.0 


8-24 

0.0 

3.67 

4.99 

7.60 

1.0 


24-57 

0-57 

0.0 

3.46 

9.52 

17.24 

8.12 

7.61 

6.2 

G20 

0- 8 

0.0 

4.08 

2.72 

7.15 

0.0 


8-24 

0.0 

4.20 

5.71 

7.68 

2.7 


24-60 

0-60 

0.0 

4.20 

12.60 

21.03 

7.92 

7.58 

4.0 

W2 

0- 8 

0.0 

3.82 

2.54 

6.56 

0.0 


8-24 

0.0 

4.10 

5.58 

7.25 

0.0 


24-48 

0-48 

0.0 

3.68 

7.36 

15.48 

7.93 

7.25 

0.9 

W7 

0- 8 

0.0 

2.38 

1.59 

6.11 

0.0 


8-30 

0-30 

5.2 

2.26 

4.15 

5.74 

6.64 
, 6.37 

0.0 

W6 

0- 8 

8.5 

2.26 

1.51 

6,45 

0.0 


8-24 

0-24 

26.1 

1.77 

2.41 

3.92 

6.50 

6.47 

0.0 

W5 

8 

3.5 

2.54 

1.69 

6.50 

0.0 


8-24 

0-24 

20.0 

1.88 

2.56 

4.25 

6.80 

6.65 

0.0 


• The M.C.F. and lime content have been adjusted for the per cent gravel, 
t M.C.F. * moisture holding capacity* expres^ as inches of water per foot of soil. 

M.C.F. X depth ■■ moisture capacity multiplied by depth in feet, to give the inches of water held in 
each unit of the profile. * 

t Total of M.C.F. X depth and average of profile pH. The average pH is unweighted. 
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Table 4. —McIntosh plot soils data— Concluded 


1 

2 

3 

4 

5 

6 

7 

Plot No. 

Soil depth 

Gravel 

content* 

M.C.F.t 

M.C.F. 

X 

depth 

pH 

Lime 

content 


inches 

% 

inches 

inches 


% 

W4 

0- 8 

0.0 

2.53 

1.69 

6.13 

0.0 


8-24 

0.0 

2.48 

3.37 

6.62 

0.0 


24-60 

3.1 

2.13 

6.39 

6.95 

0.0 


0-60 



11.45 

6.57 


W9 

0 -8 

0.0 

3.92 

1 2.61 

6.63 

0.0 


8-24 

0.0 

4.12 

5.60 


0.0 


24-60 

0.0 


12.15 

8.01 

3.2 


0-60 




7.15 


W8 

0— 8 

0.0 

2.82 

1.88 

6.50 

0.0 


8-24 

10.4 

2.46 

3.35 

6.81 

0.0 


24-52 

0.0 

3.83 

8.94 

8.27 

2.5 


0-52 



14.17 i 

7.19 


WIO 

0- 8 

0.0 

3.18 

2.12 

6.57 

0.0 


8-24 

0.0 

2.68 

3.64 

6.42 

0.0 


24-60 

0.0 

3.20 

9.60 

8.24 

0.0 


0-60 



15.36 



014 

0- 8 

0.0 

3.28 

2.18 

6.63 

0.0 


8-33 

8.0 

2.65 

5.52 

7.79 

0.0 


0-33 




7.21 


017 

0- 8 

6.8 

2.73 

1.82 

6.44 

0.0 


8-24 

8.9 

2.41 

3.28 

6.57 

0.0 


0-24 



5.10 



015 

0- 8 

37.9 

1.58 


6.33 

0.0 


8-24 

30.4 

1.76 


6.20 

0.0 


0-24 



3.45 

6.26 


018 

0- 8 

27.3 

1.93 

1.29 

7.01 

0.0 - 


8-24 

40.5 

1.70 

2 31 

7.15 

0.0 


0-24 



3.60 

7.08 


019 

0- 8 

43.8 

2.19 

1.46 

7.42 

0.0 


8-24 

53.3 

1.33 

1.81 

7.40 

0.1 


0-24 



3.26 

7.41 



• The M.C.F. and lime content have been adjusted for the per cent Kravel. 
t M.C.F. » moisture holding capacity, expressecl as inches of water per foot of soil. 

M.C.F. X depth =» moisture capacity multiplied by depth in feet, to give the inches of water held in 
each unit of the profile. 

{ Total of M.C.F. X depth and average of profile pH. The average pH is unweighted. 











SOME FACTORS AFFECTING APPLE YIELDS IN 
THE OKANAGAN VALLEY 

III. ROOT DISTRIBUTION^ 

J. C. Wilcox* and A. T. Knight* 

Dominion Experimental Station^ Summerland^ B.C. 

[Received for publication June 2, 19451 

This paper is the third in a series reporting the findings of an investi¬ 
gation into the effects of certain factors on apple tree performance in the 
Okanagan Valley in British Columbia. The first paper (21) dealt with 
tree size, tree vigour, biennial bearing and distance of planting; and the 
second paper (22) dealt with soil depth, moisture holding capacity and pH. 
This present paper reports findings with respect to root distribution, and its 
relationship to certain soil characteristics and soil treatments on the one 
hand and to tree performance on the other hand. 

The findings from three separate studies are combined in this report: 
(a) Studies of root distribution as affected by soil texture and depth and 
by certain cultural treatments, made in 1933. (b) Similar studies made 

in 1936. Most of the work in 1933 and 1936 was done in the Dominion 
Experimental Substation orchard at Kelowna, (c) Studies of root distri¬ 
bution in the McIntosh plots used as the general basis for this series of 
papers. These studies were made in 1939 and 1940. 

Comprehensive reviews of the literature on the root growth of fruit 
trees have already been published (3, 12, 24), and it does not appear 
necessary to present a further review at this time. 

PROCEDURE 

In the 1933 studies, trenches were dug beside selected trees in a series 
of plots receiving differential irrigation, fertilizer, and root-pruning treat¬ 
ments, and beside trees in soil differing in depth and texture, to a total of 
2S trenches. The procedure used in each case was to dig a trench 2 feet 
wide starting at a point 5 feet from the trunk of a mature tree, and proceed¬ 
ing outward to the centre of one of the surrounding tree squares, usually a 
distance of 16 feet. In most cases, digging was discontinued when the 
roots petered out; but in no case was a trench dug deeper than 8 feet, 
even though some roots were still in evidence at that depth. The walls 
of the trench were smoothed down with the shovel, scarified lightly with a 
rake to reveal the root tips, and divided into foot squares with string and 
nails. The soil variations were mapped, on the basis of visual examination 
only, and designated as horizons A, B and C in the usual way (9). The 
apple roots exposed were also mapped, in accordance with the following 
diameter classes: (1) less than f inch, (2) | to J inch, (3) i to | inch, (4) 
i to 1 inch, (5) over 1 inch. 

In 1936, Li trenches were dug beside trees in some of the same plots 
as in 1933. The procedure was similar, except that digging was started 
at 3 feet from the trunk. 

» Contribution No. 654 from the Division of Horticulture, Experimental Farms Service, Dominion Depart* 
ment of Agriculture, Ottawa, Canada. 

» Assistant Superintendent in charge of nutritional investigations with tree fruits. 

’Formerly Graduate Assistant at the Dominion Experimental Station at Summerland, now with the 
Ford Motor Company at Windsor. Ontario. 
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In 1939 and 1940, 13 trenches were dug in the irrigation and fertilizer 
plots on the Substation at Kelowna, and 50 trenches were dug beside 
mature trees in the McIntosh plots (21) in grower owned orchards. The 
procedure used was to start 5 feet from the trunk and dig outward just 
far enough to map a 4-foot length along the side of the trench. The 2-foot 
face nearest the tree and one or both side walls of the trench were divided 
into 6-inch squares with string, and the soil horizons and root distribution 
were mapped, as in 1933. (The area covered is illustrated in Figure 6). 

As noted in a previous paper (21), groups of mature McIntosh trees 
were selected in grower owned orchards in the Okanagan Valley in 1937, 
with 5 trees or less to a group. For want of a better term, the orchard 
area containing each group of trees was called a “plot.** In selecting these 
plots, a deliberate attempt was made to include a wide variation in soil 
texture, soil depth, and cultural treatments. The relationships of soil 
texture and depth to tree performance in 75 of the plots have already been 
reported (22). It was in these plots that the 50 trenches beside mature 
McIntosh trees were dug in 1939 and 1940. They were located as follows: 26 
in East Kelowna, 9 in Rutland, 2 in Glenmore, 8 in Winfield, and 5 in Oyama. 

Although there was a wide variation among plots in soil depth and 
texture, within any one plot the soil was almost always reasonably uniform. 
The degree of uniformity within each plot was determined prior to excavat¬ 
ing the trench, by making auger borings around each tree, and the location 
finally selected for the trench was always one that appeared to represent 
both the tree and the plot fairly. Because of this, it was felt that the root 
counts could reasonably be compared not only with the records on the tree 
adjacent to the trench, but also with the averages of all trees in the plot. 

In the first paper of this series (21), the methods of obtaining the tree 
records in the McIntosh plots and of conducting the statistical analyses on 
them were described. For the purpose of correlating with soil charac¬ 
teristics, the tree data were tabulated as plot averages in the second paper 
(22) of the series. These same plot averages are used in this paper for 
comparison with root distribution. In the second paper, also, the pro¬ 
cedures used in sampling the soil and in making certain chemical and 
physical analyses were described, and the data thus obtained were pre¬ 
sented. These data are likewise used in this paper for comparison with 
root distribution data. Reference is made under “Results** to soil anaylses 
for phosphorus and potassium. These analyses will be reported in detail 
in a subsequent paper. 

In order to study the relationships of root distribution to soil charac¬ 
teristics and to tree performance, it was considered desirable to express the 
root distribution in mathematical form. As a basis for this expression, 
the smaller or “feeding** roots r ere considered to be the most suitable. 
Accordingly, all roots less than ^ inch in diameter were counted from the 
profile maps, and were tabulated by depths and by distance from the tiee. 
In calculating the totals per tree, only those roots were used that lay 
between the surface and 60 inches in depth, and in the 6 feet of pit face 
represented by 2 feet at the end nearest the tree and 4 feet from this end 
outward along one side wall of the trench. The results from the 50 
McIntosh plots are presented in Table 3 in the Appendix. These results 
are used in all of the root correlations presented in this paper. 
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General Root Distribution 

From point to point around a tree, the concentration of fibrous roots 
was found to be somewhat variable. For the most part, however, this 
variability did not appear great enough to invalidate the use of a single 
trench to represent the tree as a whole. Occasionally, quite wide vari¬ 
ability in root concentration around a tree was encountered. In some 
cases it was obviously due to injury to large roots by the discs or furrower; 
in other cases it appeared to be associated with changes in soil depth and 
texture. Such trees were of course avoided in making trench studies of 
the roots. 

In contrast with the comparative uniformity from point to point 
around the tree was the lack of uniformity in other directions. In many 
cases, there was considerable variability in concentration of fibrous roots 
with increasing depth in the soil and with increasing distance from the tree. 
This can be seen from Figures 5 and 6 and from the data in Table 3. The 
lack of uniformity was usually much less marked with older trees than 
with younger trees. 

In spite of this lack of uniformity in root distribution, observation 
and counts revealed that root distribution was definitely affected by certain 
factors. In general, the older and the larger the tree, the greater was the 
concentration of fibrous roots farther out from the trunk and deeper down 
in the soil; and as a result, the greater was the total number of fibrous 
roots per tree. Although the trees in the McIntosh plots were all classed 
as ‘^mature,*" there seemed to be some relationship among them between 
tree size and root concentration, as evidenced by the correlation shown in 
Table 1 between trunk circumference and root concentration in the 6- to 
24-inch layer. 

Table 1.—Some correlations between root concentration and other factors 


Two factors correlated 


Coefficient 
of correlation 


Fibrous roots,*6-24 inches 
Fibrous roots, 6-12 inches 
Fibrous roots, 6-24 inches 
Fibrous roots, 0-60 inches 
Fibrous roots, 6-24 inches 
Fibrous roots, 6-24 inches 
Fibrous roots, 6-24 inches 
Fibrous roots, 0-60 inches 
Fibrous roots, 6-24 inches 
Fibrous roots, 0-60 inches 
Fibrous roots, 0-60 inches 
Fibrous roots, 0-60 inches 
Fibrous roots, 0-(^nches 
Fibrous roots, 6-2T1nches 


Trunk circumference 
Depth of soil 
M.H.C.,t 8-24 inches 
0-60 inches 
pH, 8-24 inches 
pH, 8-24 inches I 
P content, 8-24 inches 
P content, 0-60 inches 
K content, 8-24 inches 
K content, 0-60 inches 
K content, 0-60 inchest 
Terminal length 
Yield per acre 
Yield per acre 


+ .173 (NS) 
+ .010 (NS)§ 
4- .153 (NS) 
■f .513 (HS) 
-f .295 (S) 

+ .254 (NS) 
4- . 107 (NS) 

- .037 (NS) 
4- .169 (NS) 
4- .390 (HS) 

- .145 (NS) 
4- .076 (NS) 
4- .127 (NS) 
4- .069 (NS) 


* Fibrous roots « roots less than | inch in diameter. 

t M.H.C. » total moisture holding capacity per stated depth, expressed in inches of water. 
t In these two correlations, the effects of the M.H.C. have been eliminated. 

I NS ■■ non-significant, with odds less than 19 :1. 

S » significant, with odds between 19 :1 and 99 :1. 

HS >■ highly significant, with odds greater than 99 :1. 
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As would be expected, there was a tendency for the concentration of 
fibrous roots to decrease with greater distance from the trunk. This held 
true even within the 4-foot distance mapped in the McIntosh plots. When 
the percentages of fibrous roots at each distance were averaged for the 50 


trenches, the results were as follows: 

5 feet from trunk (average of two feet of pit face) 22.8% 

5 to 6 feet from trunk 21.9% 

6 to 7 feet from trunk 19.9% 

7 to 8 feet from trunk 18.7% 

8 to 9 feet from trunk 16.7% 


100 . 0 % 

The degree to which the roots were distributed in the surface horizon 
appeared to depend mostly on cover crop, cultivation, and irrigation 
practices. With sod grasses, the cover crop roots tended to exclude the 
apple roots from the top few inches. With leguminous cover crops, this 
effect was not so marked. Deep cultivation likewise reduced the number 
of roots in the surface horizon. The roots came closest to the surface 
under a cultural system involving frequent light cultivations (spring, 
midsummer and fall) and frequent irrigations. In some cases, the root 
concentration in the top foot appeared by visual examination to be 
greater where the solum (A plus B horizons) was shallower, but this was 
not borne out by a correlation between the soil depth and the number of 
fibrous roots in the 6- to 12-inch layers of the 50 plots (Table 1). In 
almost every case, the greatest concentration of fibrous roots was found 
between the depths of 6 and 24 inches. The largest roots were usually 
encountered between the depths of 6 and 1-8 inches. 

The greatest depth of rooting depended primarily on the depth of 
the solum. In most of the plots the soil was underlain at depths of less 
than 5 feet by a mixture of clear sand and gravel or by clear sand alone. 

DISTANCE FROM 1REE. IN FEZT 


21 ' 19 17 15 13 11 9 7 5 



Figure 1. Root distribution along one wall of a pit 5 feet deep, dug radially 3 to 
21 feet from tree CS in the Substation orchard at Kelowna. The soil is a shallow 


phase of the Rutland sandy loam series (4), and is typical of many of the 50 McIntosh 
plots. It appears to be too shallow for maximum yields. The soil in the surface six 
inches was pretty well filled with grass roots. Some of the apple roots in the outer 
part of the pit were from neighbouring trees. These trees were about 21 years old. 
Each of the smallest dots in the chart represents five fibrous roots, the other dots one 
root apiece. The soil horizons are as follows: A—dark loamy sand, Bi—loamy sand, 
Bj—loamy sand and gravel, C—mixture of coarse sand, gravel and stones. 
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The roots penetrated this '‘parent’* horizon in varying degree, the distance 
depending on a number of factors. For the most part, the penetration 
was not over 1 foot. Directly under the tree, however, the penetration 
was usually much greater than this; and wherever decaying pine roots 
descended into the subsoil, apple roots followed them down for some 
distance, often as far as 8 feet or more from the surface. In the deeper 
soils, the roots were found to grow down to depths of at least 8 feet at 
3 feet from the trunk, and to lesser depths out farther from the trunk. 
With the older trees in deep soils, the whole soil mass was usually permeated 
with roots to a depth of at least 6 feet. It should be noted that in the 
original selection of the McIntosh plots, those areas in the Valley that 
were known to be subject to seepage conditions were avoided; hence no 
difficulty was encountered from excess water. 



Figure 2. A pit face in Plot K54. This is a shallow phase of the Rutland sandy 
loam series (4). Ttie C horizon of coarse sand, gravel ana stones is typical of many 
of the orch ards in the Okanagan Valley. 
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Characteristic types of root distribution are illustrated in Figures 1 
to 5. The distribution of the roots in shallow soils is shown in Figures 1 
and 2. These are typical of a high percentage of the plots covered in this 
investigation. The general shape of the root system in a shallow soil can 



Figure 3. In a shallow soil, the roots of mature fruit trees tend to be shallow 
and spreading, with no evidence of a definite tap root. 


DISTANCE FnOM TREE. IN FEET 


21 19 17 13 13 11 9 7 5 3 



BOOT DIAUemS: • thu l/8 inch # l/2 to 1 inch 

• 1/8 to J^4 inch 0 Over 1 inch 

# 1/4 to l/2 inch 


Figure 4. Root distribution along one wall of a pit 7 feet deep, dug radially 3 to 
21 feet from tree BB23 in the Substation orchard at Kelowna. This tree is near the 
bottom of a hollow, and the soil is comparatively deep, well wetted, and well drained. 
The soil is a deep phase of the Rutland sandy loam series (4), and is well adapted to 
tree fruits. As indicated in the diagram, the pit was dug at right angles to the furrows. 
Some of the roots in the outer part were from neighbouring trees. The trees were about 
21 years old. Each of the smallest dots in the chart represents five fibrous roots, and 
the other dots one root apiece. The soil horizons are as follows; A—dark loamy 
sand, Bi—dark sandy loam, Bj—medium sand, Bj—medium sand with dark concre¬ 
tions, C—medium to fine sand, D—silty loam, E—coarse sand. 
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also be seen in Figure 3. In no case has there been any evidence of a 
distinct tap root. The distribution of the roots in a deep, sandy loam soil 
is illustrated in Figure 4, and that in a deep, heavy soil in Figure 5. 

Effects of Certain Soil Characteristics 

A closer relationship was found between soil texture and root con¬ 
centration within the one profile than between profiles. In most of the 
plots, where the soil tended to be sandy, those horizons containing the 
greater amounts of colloid usually contained the greater concentrations of 
fibrous roots. Where the soil was heavy, an intervening sandy horizon 
usually contained fewer roots. An example of this is shown in Figure 6. 
On the other hand, in the deep, heavy soils studied, occasional narrow 
horizons were encountered consisting of a tightly packed, laminated mixture 
high in clay and containing only a few roots (Figure 5). In only two 
cases was this laminated layer found to be of sufficient thickness to prevent 
the passage of roots. This was the closest approach to a ''claypan** 
condition that was encountered. 

To determine the relationship of soil texture to root concentration 
between profiles, the number of fibrous roots in the 6- to 24-inch layers of 
the SO McIntosh plots was correlated with the moisture holding capacity 
of the 8- to 24-inch layers. The coefficient of correlation (+ 0.1S3, 
Table 1) was non-significant, but still indicated the possibility of greater 
root concentrations in the heavier soils. Observation indicated that when 
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BOOT DIAMETERS: 


• Lbm than l/S inch 

• 1/8 to 1/4 inch 
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Figure sAkewt distribution along one wall of a pit 8 feet deep, dug radially 5 to 
21 feet from a tree in Plot K18. The soil is a deep phase of the Glenmore clay series 
(4). Where not subject to excess seepage, this soil is well adapted to tree fruits. The 
trees in this plot were about 40 years old. Each of the smallest dots in the chart 
represents five fibrous roots, the other dots one root apiece. The soil horizons are as 
follows: A—dark clay loam, Bi—friable clay loam, Bj—lumpy clay loam, B»—clay 
loam mixed with sand, ^fravel, stones and lime, C—clay loam with some lime, eC— dark 
laminated clay, E—^uniform clay loam, F—silt loam and lime, quite friable, G— 
laminated clay, H—clay loam. 
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other things were equal, the greatest concentration of fibrous roots at any 
one depth could be expected in a soil moderately heavy in texture, but 
containing sufficient sand for reasonably good permeability. When the 
soil texture and soil depth were both taken into account, by correlating the 
total number of fibrous roots per profile with the total moisture holding 
capacity, the result was positive and highly significant (+ 0.513). In 
other words, there was a strong tendency for a larger total number of 
fibrous roo.ts to be present in the heavy, deep soils than in the light, shallow 
soils. 

No adverse effect of lime in the B horizon was noted on root concentra¬ 
tion. In fact, in the deeper horizons of the heavier soils, visual examina¬ 
tion indicated the root concentration to be greatest in those horizons rich 
in free carbonate (Figure 5). 

To determine the effect of pH on root concentration, the number of 
fibrous roots in the 6- to 24-inch layer of the McIntosh plots was correlated 
with the pH of the 8- to 24-inch layer (22). The coefficient was significant 
(+ 0.295). As noted in the second paper (22) of this series, however, a 
positive relationship was found between the pH and the moisture holding 
capacity. When the effects of variations in moisture holding capacity 
were eliminated, the coefficient was reduced to + 0.254. This is not far 
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Figure 6. Root distribution along one end wall and one side wall of a pit 5 feet 
deep and 4 feet long, beside a tree in Plot K24. The soil is a shallow phase of the 
Glenmore clay series (4). This chart illustrates the procedure used in mapping the 
roots in the 50 McIntosh plots. It also illustrates the extreme variability in root 
concentrations that was occasionally encountered. Each of the smallest dots in the 
chart represents five fibrous roots, the other dots one root apiece. The soil horizons 
are as follows: A—dark clay loam, Bi—silt loam with some gravel, B*—silt loam, 
gravel and stones, C—coarse sand and gravel, D—coarse sand, E—compact clay, 
F—coarse sand. 
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below ^‘significance/' It is quite evident from this that within a pH range 
of 6.0 to 8.0 there was no adverse effect of the higher pH values on root 
growth. The evidence is not sufficient, however, to state that the lower 
pH values did show a detrimental effect. 

The only elements determined thus far in the soils of the McIntosh 
plots have been phosphorus and potassium. The major findmgs in this 
connection will be reported in subsequent papers. It is pertinent to note 
at this time, however, that correlations have been made between the 
concentration of each of these elements in carbonic acid extracts of the 
soil on the one hand, and the number of fibrous roots on the other hand. 
With phosphorus, the coefficients of correlation were quite low and non¬ 
significant (Table 1). With potassium, the coefficient for the 6- to 24-inch 
layer was positive and non-significant, but for the whole profile* it was 
positive and highly significant. Since a high correlation (+ 0.878) has 
been found in these soils between potassium content and moisture holding 
capacity, it was suspected that the correlations just noted might actually 
have been due to relationships with soil texture rather than with soil 
potassium. That this suspicion was correct is suggested by the fact that 
when the effects of variations in moisture holding capacity were eliminated 
from the correlation for the profile as a whole, the coefficient was reduced 
to a negative value (Table 1). As will be noted in a subsequent paper, 
there has been evidence of actual P and K deficiencies with apple trees in 
very few of the soils studied, which may explain the lack of correlation 
between these two elements and the root counts. 

Effects of Certain Cultural Treatments 

In the spring of 1931, a number of plots were established in the 
Dominion Experimental Substation orchard at Kelowna, and differential 
irrigation, fertilizer and other treatments were started in an attempt to 
control drought spot and corky core of the apple. The effects of these 
treatments on the growth and yield of the trees have already been reported 
(20). In other plots, boric acid and borax in varying amounts have been 
applied annually since 1936 to a number of mature trees. The effects of 
these treatments on storage quality of the fruit have been reported by 
Wilcox and Woodbridge (23). Root examinations, as noted under 
“Procedure," were made in the first series of plots in 1933, 1936, and 1939, 
and in the boron series in 1939. 

In the irrigation series, all plots were irrigated at the same periods, 
but received varying amounts of water, from one-qudrter as much as 
necessary for satisfactory tree performance up to twice as much as necessary 
(20). In all cases, drainage was quite satisfactory. When an insufficient 
amount of water was applied at each irrigation, the lower horizons in the 
soil dried out aA all the roots in these horizons died. After each irrigation, 
the fibrous roots grew down into the newly-wetted subsoil for a few inches, 
then died back again, leaving a dense mat of dead or dying rootlets. In 
the plot receiving twice as much water as necessary, the fibrous roots in 
the 6- to 18-inch layer were much more numerous than in the plot receiving 
just sufficient water. In the former of these two plots,' the moisture 
content never fell far below the moisture holding capacity. 
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In the fertilizer series of plots, sulphate of ammonia was applied at 
rates of 0, 6 and 15 pounds per tree annually; superphosphate at rates of 
0, 4 and 20 pounds per tree annually; and muriate of potash at rates of 
0, 2 and 20 pounds per tree annually (20). An examination of the root 
concentration and distribution failed to reveal any differences that could 
be attributed to the fertilizer treatments. If there actually were any 
effects of the fertilizers on the roots, they were effectively masked by other 
factors. 

Two trees were root-pruned in the sprinj^ of 1931, by digging trenches 
down to the gravelly subsoil, in a circle around each tree at 4 feet from 
the trunk. The same was done with two trees at 7 feet from the trunk, 
and with two at 10 feet. The rate at which the new roots extended from 
the cut ends is indicated in Table 2. The distances shown are the greatest 
recorded at each period. The examination made in 1939 was the most 
detailed, hence there was more chance of recording the greatest amount of 
growth. In all cases, the depth at which the most rapid growth occurred 
was 8 to 14 inches. The 22-foot growth was made largely along a decaying 
root killed in the root pruning. This indicates how rapidly roots^can grow 
under favourable conditions. 


Table 2.—Rate of growth of new roots, 
AFTER ROOT PRUNING IN 1931 


Radius of root 
pruning 

Distance of new growth 

1933 

1936 

1939 

feet 

feet 

feet 

feet 

4 

4 

7 

22 

7 

2 

4i 

11 

10 

2 

3 

9 


In the boron tests, two trees had received annually 4 pounds of boric 
acid and 4 pounds of borax, respectively, for four years. In both cases, 
the foliage had avssumed an unhealthy pale appearance, and the fruit was 
showing breakdown in storage (23). The cover crop was almost all dead 
from near the trunk out to just beyond the spread of the branches, where 
the boric acid or borax had been applied. An examination of the apple 
roots showed that they had all been killed within the area of application 
down to a depth of about 10 inches with boric acid, and 7 inches with 
borax. There was also some root killing with the 2-pound applications, 
but none was observed with applications lighter than this. 

Relation to Tree Performance 

Correlations were calculated between the number of fibrous roots in 
each of the 50 McIntosh plots and both terminal length and yield per acre. 
The results are presented in Table 1 and Figure 7. No relationship was 
found between the total number of fibrous roots per profile and the terminal 
length. In view of the high positive correlation between total moisture 
holding capacity and yield (22), and between total moisture holding capacity 
and total number of fibrous roots, a high positive correlation might have 
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been anticipated between the number of fibrous roots and yield. A positive 
correlation (+ 0.127) was actually obtained, but it was not significant. 
This lack of significance may have been due to the natural variability in 
root concentration, as noted above. The best that can be said, however, 
is that any relationship there may have been between root concentration 
and yield was largely overshadowed by the effects of other factors. 
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Figure 7. Scatter diagram of yield per acre plotted against number of fibrous 
roots per pit face. Elach pit was 5 feet deep. That part of the pit face used consisted of 
the end nearest the tree (2 feet wide), and a 4-foot length along one side, (r » 0.127). 


In considering the inter-relationships between yield, moisture holding 
capacity, and number of fibrous roots, the exceptions to the general trends 
are of almost as much interest as the trends themselves. In Plot K18 
(Table 3), for example, the soil was heavy and deep and the root count was 
very high, but the yield was low. This appeared to be due primarily to 
lack of tree vigour, induced by a deficiency of nitrogen. In Plot K2S, the 
soil was heavy and deep, the root count was only medium, but the yield 
was very high. In Plot B34, the soil was of medium depth, the root count 
was very high, and the yield was comparatively low. In Plot 019, the 
soil was light Si shallow, the root count was comparatively high, and the 
yield was low. In Plot K22, the soil was light and shallow and the root 
count was low, but the yield was comparatively high. In no case, however, 
were the highest yields associated with very shallow soils or very low root 
counts. The most important exception to the general trends appears to 
be the occasional combination of a light, shallow soil with high root con¬ 
centrations and moderately high yields. 
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DISCUSSION 

In this investigation, only five factors were found to be definitely 
related to the concentration of fibrous roots in the soil: (1) Depth. The 
concentration was usually highest between the depths of 6 and 18 inches. 
(2) Proximity to tree. The closer to the tree (to within at least 5 feet 
from the trunk), the higher the root concentration. (3) Size of tree. The 
larger the tree, the greater the root concentration, and the greater the spread 
and depth of the roots. (4) Soil texture. A moderately heavy loam, 
containing only sufficient sand or lime to maintain satisfactory perme¬ 
ability, appeared to be the most suitable for the growth of fibrous roots. 
(5) Soil moisture. A high soil moisture accompanied by good drainage 
gave the greatest root concentrations in the plots on the Kelowna Sub¬ 
station. Among the factors whose effects were absent, or were too low 
for measurement with certainty under the variable conditions encountered 
in the field, were soil pH, phosphorus concentration, potassium concentra¬ 
tion, and soil applications of sulphate of ammonia, superphosphate, and 
muriate of potash. 

It is interesting to compare the above findings on the relation of soil 
texture to apple root concentration with the findings of investigators else¬ 
where. In deep, well drained profiles in New York, Oskamp and Batjer 
(9) found higher concentrations of fibrous roots in comparatively heavy 
soil horizons than in light soil horizons. In shallower profiles subject to 
excess water, however, better root growth was found in the lighter soil 
horizons. Sweet (16) in New York obtained similar results to those of 
Oskamp and Batjer in deep, well drained profiles. Browning and Sudds 
(1) in West Virginia presented charts showing almost equally good root 
growth through silty loam and compact clay horizons in the same profiles. 
Oskamp noted both sandy soil (7) and clay soil (8) horizons too compact 
for satisfactory root growth. Rogers and Vyvyan (14) in England, Knight 

(5) in Michigan, and Schuster and Stephenson (15) in Oregon also described 
heavy clay soils too compact for normal root growth of fruit trees. As 
already noted, the heavy clay horizons encountered in this investigation 
were found to prevent root penetration in only two cases. However, 
penetration has undoubtedly been slower in the heavy soils than in the 
lighter soils. 

It has been assumed in this investigation that in so far as tree per¬ 
formance is concerned, the most important roots are the small fibrous 
ones; and an attempt has been made to determine the relationships between 
the relative concentration and total number of fibrous roots on the one 
hand and tree growth and yield on the other hand. The correlations 
obtained were all non-significant. This result was somewhat surprising. 
It was realized (as pointed out by Veatch and Partridge (18) and others) 
that when there are optimum moisture and nutrient conditions in the soil, 
a tree can grow and yield satisfactorily with a comparatively small root 
system. Under optimum conditions in the soil, however, it was anticipated 
that whether or not the root system was shallow or deep, there would be 
a very high concentration of fibrous roots in the more favoured horizons 

(6) . This, it was felt, should occur as a result of (1) the direct stimulus of 
optimum soil conditions on the annual growth and branching of the roots 
(6, 13, 18), and of (2) the reciprocal effect on the roots of better growth and 
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health of the top of the tree. Better performance of the top of the tree 
and greater numbers of fibrous roots should therefore occur together. It 
is obvious from this investigation that such a relationship does not hold 
true under all circumstances. For example, in some plots low in nitrogen 
(K18, 019) the number of fibrous roots was comparatively high but the 
yield was very low. Although under ordinary circumstances a high con¬ 
centration of fibrous roots may be considered desirable, it appears that 
other factors may be of even greater importance in determining tree yields. 

It is quite possible that the high concentrations of roots in certain 
sandy soils and in certain soils low in nitrogen (as noted above), may be 
attributed in part to the nitrogen relationships. Weaver, Jean and Crist 
(19) in 1922 reported that applications of nitrogenous fertilizers induced 
greater branching of roots in the fertilized soil but reduced the extent of 
root growth. Reid (10) in 1930 found that a somewhat limited supply of 
nitrogen plus an adequate supply of carbohydrates furnished excellent 
conditions for root growth. Morris (6) in 1930 reported that apple trees 
growing in the most fertile soil tested had the shortest roots and the most 
numerous branches. In this present investigation, it appears that a low 
supply of nitrogen has in some cases been instrumental in inducing extensive 
root growth on the one hand but low vigour of the top and low yields on 
the other hand. This may explain some of the apparent discrepancies 
already noted (e.g. Plots K18 and 019). In contrast with the findings just 
quoted, however, it should be noted that some investigators (2, 17) have 
found an increase in the nitrogen supply to be followed by an increase in 
both top growth and root growth, the latter increase usually being the 
lesser of the two. 

In the first paper of this series (21), it was reported that the trees' 
occupying less than 900 square feet of ground space bore larger crops of 
high quality fruit per acre than did those occupying 900 square feet. As 
already noted in this present paper, the roots gradually fill out the whole 
volume of soil available, down to depths of at least 8 to 10 feet in a deep 
soil. This occurs sooner when the trees are planted closer together. The 
question arises as to whether the crowding of the soil with fibrous roots is 
automatically followed by a deterioration in tree performance. 

Yocum (24) has suggested that in Nebraska, where soil moisture is a 
limiting factor, the distance apart of planting should be determined in part 
by the rate of root growth; that is, the more rapid the growth and hence 
the sooner the soil becomes filled with roots, the further apart the trees 
should be located. The evidence obtained in this investigation, however, 
does not point to such a conclusion for irrigated orchards. Some of the 
highest yielding plots (e.g. K2S, K24) consisted of comparatively old trees 
occupying only 780 square feet of space per tree. In such cases, the con¬ 
tinuation of favourable tree performance appears to have been more 
dependent oA continuation of optimum moisture and nutrient conditions 
than on the presence of a continuous supply of fresh ‘"rootless” soil. 

The oldest trees used in this investigation were in Plot K18. It is of 
interest to note that the whole block of trees in which this plot was located 
had deteriorated badly by 1937. The trees were low in both vigour and 
yield, and it looked as if age and crowding had limited their usefulness. 
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Since then, however, heavy pruning and fertilizing have brought the orchard 
area in and adjacent to Plot K18 back into excellent growth and production. 
The change in root concentration since 1939 has not been investigated, but 
on the basis of records obtained in other orchards the roots should be more 
crowded now than they were in 1939. 

It has been a common practice, in studying the nutrient requirements 
of an orchard, to take soil samples from the surface foot only. It is true 
that in most orchards included in this investigation the greatest concentra¬ 
tion of fibrous roots is not far from a depth of 1 foot. It is true also that 
the highest concentrations of organic matter and of certain essential 
elements (e.g. N, P, K) are usually found in the surface foot of soiP. In 
the deeper profiles, however, the roots may permeate the soil to depths of 
at least 8 to 10 feet; and it appears logical to assume that they are absorb¬ 
ing nutrients to some extent wherever they go. A complete picture of the 
nutrient status of the soil does not appear possible as a result of an examina¬ 
tion of the surface foot of soil only. 

SUMMARY 

Trenches were dug near apple trees receiving a number of different 
cultural treatments. They were made 2 feet wide, at least 5 feet deep, 
and extended from 3 or 5 feet out to 21 feet from the trunk. The soil 
horizons and roots along one wall were mapped. In addition, trenches 
were dug near trees in 50 of the McIntosh plots used for the apple nutrition 
studies, and the horizons and roots were mapped on a pit face 6 feet long 
and 5 feet deep. The fibrous roots (less than -J inch in diameter) were 
totalled in these SO trenches, and were correlated with certain soil factors 
and with tree performance. 

The root concentration and distribution were found to be quite vari¬ 
able, even around individual trees. The concentration of fibrous roots 
tended, however, to be greater (1) with older trees, (2) closer to the trunk, 
and (3) between the depths of 6 and 24 inches. A grass sod lessened the 
number of apple roots in the surface 6 inches. In deep soils, the roots of 
older trees filled the soil to a depth of at least 8 feet. In shallow soils, 
underlain by clear sand and gravel, the roots seldom grew down more 
than a foot into the sandy subsoil, except right under the trees. 

In deep, heavy soils, the roots tended to be less concentrated in sandy 
layers and in heavy, laminated clay layers. In sandy or light loam soils, 
they tended to be more concentrated in the heavier la>ers. In the 50 
McIntosh plots the total number of fibrous roots per profile was correlated 
positively with the total moisture holding capacity per profile. No adverse 
effect of carbonates was noted. Within a pH range of 6.0 to 8.0, the 
higher pH values were associated with the greater number of roots. The 
concentrations of available phosphorus and potassium in the soil showed 
no significant correlation with the numbers of fibrous roots. 

Among the treatments studied, heavy watering accompanied by good 
drainage favoured the growth of fibrous roots. There were no observable 
effects of applications of sulphate of ammonia, superphosphate, or muriate 
of potash; but heavy applications of borax and boric acid killed the fibrous 
roots in the surface soil. 

* Further data on this will be published in subsequent papers. 
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No relationship was found between the number of fibrous roots and 
tree vigour. A positive but non-significant correlation was obtained 
between the number of fibrous roots and yield. It is concluded that factors 
other than number of roots were more important in determining tree 
performance. 
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APPENDIX 

Table 3.—Numbers of fibrous roots counted on walls of 
TRENCHES IN McInTOSH PLOTS* 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Plot No. 

Ave. 
depth of 
roots 

By depth, in feetf 

By distance from tree, in feett 

Total 

0-i 

f-1 

1-2 

2-3 

3-4 

4-5 

5 

5-6 

6-7 

17-8 

8-9 


inches 













K1 

14 

62 

92 

27 




33 

27 

24 

34 

30 

181 

K2 

19 

87 

183 

76 




79 

50 

61 

40 

37 

346 

K6 

16 

20 

169 

145 




62 

108 

65 

24 

13 

334 

K7 

40 

14 

117 

147 

104 

43 


75 

74 

83 

74 

43 

42^ 

K8 

55 

7 

148 

258 

171 

91 

48 

134 

111 

132 

107 

103 

722 

K9 

28 

151 

168 

175 

40 



93 

104 

75 

91 

78 

534 

KIO 

24 

117 

320 

144 




133 

125 

66 

76 

47 

581 

Kll 

14 

36 

184 

17 




43 

46 

29 

40 

35 

237 

K14 

22 

12 

252 

146 




73 

86 

74 

59 

45 

410 

K15 

17 

41 

231 

66 




55 

60 

54 

59 

55 

338 

K16 

48 

151 

120 

112 

119 

105 


102 

104 

105 

96 

98 

607 

K17 

34 

36 

217 

276 

79 



120 

93 

104 

97 

73 

608 

K18 

60-f 

129 

229 

338 

194 

117 

149 

188 

196 

206 

225 

153 

1156 

K21 

20 

21 

166 

112 




46 

37 

48 

52 

69 

299 

K22 

17 

182 

170 

45 




56 

69 

73 

75 

67 

397 

K24 

60+ 

71 

143 

119 

24 

23 

69 

97 

83 

45 

55 

71 

449 

K25 

51 

49 

136 

208 

158 

71 

29 

95 

91 

113 

122 

135 

651 

K27 

40 

90 

215 

132 

36 

72 


no 

86 

87 

68 

83 

545 

K39 

26 

95 

84 

131 

14 



63 

75 

48 

42 

33 

324 

K44 

17 

257 

195 

72 


- 


102 

113 

82 

59 

65 

524 

K46 

17 

196 

243 

33 




119 

74 

43 

59 

58 

472 

K48 

60+ 

40 

228 

545 

342 

109 

46 

222 

227 

214 

184 

241 

1310 

K49 

51 

49 

167 

174 

206 

80 

39 

148 

152 

125 

81 

60 

715 

K51 

17 

62 

206 

106 




65 

66 

66 

55 

60 

374 

K53 

22 

164 

167 

72 




88 

60 

54 

59 

54 

403 

K54 

18 

202 

326 

67 




160 

102 

36 

71 

65 

595 

B1 

60+ 

71 

204 

261 

139 

95 

87 

137 

153 

143 

139 

147 

857 

B29 

28 

42 

146 

217 

55 



87 

60 

70 

74 

81 

460 

B30 

34 

42 

159 

194 

125 



99 

87 

83 

84 

67 

520 

B31 

27 

30 

173 

327 

55 



• 83 

127 

126 

99 

68 

585 

B33 

51 

31 

267 

436 

274 

171 

70 

237 

229 

209 

201 

136 

1249 

B34 

34 

92 

349 

661 

225 



238 

198 

194 

222 

236 

1327 

B36 

27 

122 

305 

379 

79 



153 

163 

175 

120 

121 

885 

B37 

26 

44 

316 

331 

28 



103 

123 

156 

124 

109 

719 

B38 

28 

92 

398 

311 

43 



160 

201 

114 

96 

112 

844 

G19 

60+ 

215 

380 

303 

176 

223 

261 

299 

266 

204 

251 

238 

1558 

G20 

56 

202 

467 

517 

343 

96 

43 

268 

330 

276 

270 

256 

1668 

W2 

60+ 

218 

220 

255 

194 

79 

65 

210 

165 

145 

127 

173 

1031 

W4 

26 

69 

122 

178 

11 



58 

24 

54 

121 

65 

380 

WS 

36 

63 

112 

217 

86 

13 


108 

129 

88 

36 

22 

491 

W6 

30 

146 

237 

366 

73 



104 

142 

195 

162 

114 

822 

W7 

25 

90 

130 

105 

4 



44 

45 

39 

78 

78 

329 

W8 

42 

243 

456 

278 

218 

67 


294 

192 

158 

184 

139 

1262 

W9 

60+ 

64 

338 

494 

209 

:58 

125 

293 

277 

198 

152 

175 

1388 

WIO 

60+ 

71 

205 

181 

88 

41 

47 

99 

129 

96 

83 

126 

633 

014 

60+ 

78 

378 

343 

158 

179 

119 

209 

197 

226 

235 

178 

1255 

015 

27 

1 

141 

539 

55 



198 

135 

107 

60 

37 

736 

017 

49 

no 

223 

234 

210 

47 

7 

139 

136 

133 

163 

121 

831 

018 

28 

357 

625 

486 

47 



259 

237 

335 

239 

187 

1517 

019 

29 

176 

285 

253 

67 



142 

159 

187 

134 

116 

881 


• By “fibrous” roots is meant those roots less than i inch in diameter. 

t Sach figure represents the number of fibrous roots in 6 feet length of pit face, at the depth noted. The 
'*totals” are cmtained by adding these figures. 

t Each figure represents the number of fibrous roots from 0 to 5 feet in depth, at the distance from the 
tree noted. The figures for the 5-foot distance are obtained by averaging the 2 feet of pit face nearest the tree. 



“LAMBERT MOTTLE”, A TRANSMISSIBLE DISEASE 
OF SWEET CHERRY^ 

T. B. Lott* 

Dominion Laboratory of Plant Pathology, Summerland, B.C. 

[Received for publication July 20, 1945] 

In 1939, previously unobserved symptoms appeared in four experi¬ 
mental Lambert trees in the laboratory grounds. These symptoms were 
at first thought to be those of mottle leaf on the Lambert variety. They 
were later shown to be due to a separate and distinct transmissible disease. 
The name '‘Lambert mottle'* is suggested because Lambert is the only 
variety known to show symptoms. 

OCCURRENCE 

The four experimental Lambert trees in which “Lambert mottle" was 
first observed had all been used in attempts to transmit mottle leaf to the 
Lambert variety. This mottle leaf had been originally obtained from a 
Napoleon (Royal Anne) tree in Nelson City in the Kootenay District. 
Examination of most of the cherry trees in that city showed considerable 
mottle leaf in the Bing, Napoleon, and Republican varieties but no 
“Lambert mottle" in the Lambert variety. Survey^ made in the Okanagan 
Valley between 1938 and 1941 covered over 9,000 cherry trees, nearly all 
of which were of the sweet varieties, but revealed only 9 trees naturally 
infected with “Lambert mottle." 


SYMPTOMS 

Only the Lambert variety is known to show symptoms (Figure 1). 
The terminal shoots of trees in which the disease is well established appear 
normal in the early spring, but, as the season advances, all the upper buds 
on many of them either fail to move, or swell a little and then die. The 
development of the other leaf buds and of the flower buds is both late and 
irregular. In the early summer, the foliage appears slightly thin, but 
individual leaves are normal in appearance and most of them are full size. 
In early June a slight yellow interveinal mottle begins to appear on the 
older leaves, and is soon followed by numerous small spots of a purplish or 
chocolate colour which later becomes more brown. These spots form lines 
close beside the veins, and also irregular lines and rings or partial rings 
without relation to the veins. The lines of minute purplish spots are 
usually surrounded by a poorly defined area of a greenish yellow. In some 
leaves a similar greenish yellow pattern occurs without any purple spots. 
In addition to these symptoms, and occurring without apparent relation 
to them, there are areas of the leaf up to 3 cm. in length which become 
brown and^rn but do not usually separate clearly at the margin. 
Typically the margins of these areas are irregularly curved but sometimes 
a sharp point extends along a small vein. The brown areas occur on any 
part of the leaf blade except the mid-rib. In midsummer the basic normal 
green of the oldest leaves changes to yellow while the greenish yellow 

»Contribution No. 824 from the Division of Botany and Plant Pathology, Science Service, Department 
of Agriculture, Ottawa, Canada. 

’ Agricultural Assistant. 
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pattern becomes slightly more green. Defoliation varies from year to 
year. It may commence with the oldest leaves in early July and half of 
the leaves may fall prematurely. The one symptom which can be observed 
at all times is the form of branching that results from the production of 
new shoots from part way down the previous season’s growth. Diseased 
trees set only a light crop and sometimes many of the fruits do not reach 
maturity. In some cases fruits of normal size and colour have abnormally 
short and curved pedicels. In some trees nearly all of the fruits arise from 
fruit buds carried either singly on the lower part of the l-year*old wood or 
on a few spurs on the upper or outer part of the 2-year-old wood. The 
small number of growing fruit spurs may be very pronounced. The 
disease becomes progressively more serious for several years and the death 
of twigs and larger branches occurs. The death of whole trees has not 
been observed but there are some indications that young trees may be 
killed in course of time. In older trees the disease appears to become 
stabilized. 

EXPERIMENTAL WORK 

Unless otherwise stated, all experimental trees were young trees grow¬ 
ing out-of-doors, and all attempted transmissions were made by grafting 
tissue from diseased trees onto healthy ones either by shield budding in 
the summer or by grafting dormant scions in the spring. 

‘‘Lambert mottle” has been transmitted to 17 Lambert trees and every 
attempted transmission has given positive results. The disease has been 
transmitted to Lambert six times from Bing tissue and eleven times from 
Lambert tissue. It has been transmitted to Lambert from four sources: a 
Napoleon source in Nelson containing mottle leaf also, and three Lambert 
sources in the Okanagan Valley containing ‘‘Lambert mottle’' only. At¬ 
tempts to transmit ‘‘Lambert mottle” to Bing and Napoleon trees from 
these four sources and from one other Lambert source in the Okanagan 
Valley produced no visible effect of ‘‘Lambert mottle” in 27 Bing trees 
and 14 Napoleon trees. Diseased Lambert branches grew in some of 
these trees for years with no visible effect on the rest of the tree. No 
attempts have yet been made to demonstrate the presence of the virus in 
these Bing and Napoleon trees. Normal Bing buds set on a diseased Lam¬ 
bert tree produced branches which grew normally till the Lambert tree was 
nearly dead. Some of the Bing leaves then showed a few rather bright 
yellow ring spots. ‘‘Lambert mottle” was transmitted to two Lambert 
trees from buds taken from these Bing branches. 

Attempts to transmit mottle leaf, originally obtained from the above- 
mentioned Napoleon source in Nelson, to two pairs of Lambert trees 
produced ‘‘Lambert mottle” in all of the trees. The first pair of Lambert 
trees had been started in pots in the greenhouse and had received single- 
or multiple-bud dormant scions from a Bing tree infected directly from the 
Napoleon source in Nelson. No symptoms appeared in the greenouse 
and the trees were soon planted out-of-doors where symptoms of ‘‘Lambert 
mottle” appeared later. From each of this pair of Lambert trees ‘‘Lambert 
mottle” was transmitted to 2 Lambert trees and mottle leaf was transmitted 
to 4 Bing trees and 2 Napoleon trees, showing that the two viruses were 
both present in this pair of Lambert trees which showed symptoms of 
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‘‘Lambert mottle’* only. The second pair of Lambert trees had been 
treated with material from a Bing tree infected with mottle leaf as a result 
of being splice-grafted to the Bing tree infected directly from the Napoleon 
source in Nelson. Dr. H. R. McLarty had taken scrapings of the cambium 
from the diseased tree and inserted these cambium scrapings under the 
bark of the healthy trees. From this pair of Lambert trees “Lambert 
mottle” was transmittted to 3 Lambert trees, transmission being obtained 



Figure 1. Symptoms of “Lambert mottle.” 

A. Left, diseased shoots showing late and irregular development and death of 
terminal buds. Right, normal. 

B. Pattern on a green leaf. 

C. Pattern and brown torn areas on a yellow leaf. 

D. A young diseased Lambert tree, September, 1939. 

E. The same tree, October, 1944. 
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from each tree of the pair. No mottle leaf, however, was transmitted to 
any of the 9 Bing trees and 6 Napoleon trees that received scions or buds 
from this pair of Lambert trees, showing that this pair of Lambert trees 
contained the ‘'Lambert mottle’* virus but did not contain the mottle leaf 
virus. Thus in this experiment “Lambert mottle” and mottle leaf were 
both transmitted by budding and grafting, but only “Lambert mottle” 
was transmitted by cambium scrapings inserted under the bark, although 
in a different experiment mottle leaf had been transmitted by cambium 
scrapings. Mottle leaf produces pronounced sumptoms on Bing and 
Napoleon trees but has little or no effect on Lambert trees. “Lambert 
mottle” produces marked symptoms on Lambert trees but no definite 
symptoms have so far been observed on Bing or Napoleon trees. In 
Bing trees, from which “Lambert mottle” was transmitted to Lambert 
trees, the symptoms were indistinguishable from those of mottle leaf alone. 
Lambert trees, carrying both diseases, showed only “Lambert mottle” 
and the presence of the other disease had no visible effect. 

Leaf symptoms of “Lambert mottle” appeared in the first year after 
budding. Symptoms on the twigs began to appear in some trees in the 
second year. Later the disease became progressively more serious in some 
trees while in others it appeared to become stabilised. 

SUMMARY 

1. A new transmissible disease of sweet cherry is described. 

2. The disease is only known to produce symptoms on the Lambert 
variety. 

3. It has occurred naturally, both alone and together with mottle 
leaf, but it is rare. 

4. Transmission to Lambert trees has been obtained without fail. 

5. Pronounced symptoms are produced by “Lambert mottle” on 
Lambert trees and by mottle leaf on Bing and Napoleon trees, but there is 
little or no visible effect of “Lambert mottle” on Bing or Napoleon trees, 
or of mottle leaf on Lambert trees. When both diseases are present in a 
tree the symptoms depend on the variety of the tree and only one disease 
is visible, the other having no apparent effect. 



SOLONETZ SOILS IN ALBERTA 

Wm Odynsky' 

University of Alberta, Edmonton, Alberta 
[Received for publication July 6, 1945] 

Solonetz is a term first used in the Russian literature for a soil that is 
believed to have developed from a structureless, often salt encrusted, 
saline soil. Under favourable conditions this development has resulted in 
a soil that has a very tight subsoil with a distinct and characteristic struc¬ 
ture. While the mechanism of, and the conditions necessary for this 
development is not as yet clearly understood, the resultant structure is 
strikingly different from that of other soils. Soils having this unfavourable 
structure are known to occur in scattered patches and occasionally as large 
unbroken areas throughout the more arid sections of the world. They are 
of fairly common occurrence in the Great Plains area of the United States, 
and in Western Canada. Large areas have been outlined in Alberta (see 
map, Figure 1) and further soil surveys will no doubt extend the present 
reported acreage considerably. 

Prior to the use of the term solonetz, such soils were called by a variety 
of local names the most common of which were “blow-out,’* “burn-out,” 
“buffalo-wallow,” “slick-spot” or “gumbo-spot” soils. Areas of such soils 
are frequently characterized by a patchy, pitted surface (Figure 2) which 
has given rise to the variety of local terms in common use. Such soils are 
droughty, difficult to break up, difficult to handle and generally inferior 
agricultural soils. This inferiority seems to be due largely to the unfavour-' 
able characteristics of the subsoil and is most marked when this subsoil is 
encountered within plow depth. 

Typical solonetz profiles in Alberta have the following characteristics: 
Horizon A 

A rather porous soil that is often slightly granular. It can readily be 
broken up into small irregular lumps or clods that have considerable fine 
powdery material. The colour of this horizon may vary from a brown to 
a black depending on the soil zone. Frequently it is somewhat grayer 
than the A horizon of typical zonal soils. It varies in thickness from 2 
inches to 24 inches, although most frequently it is from 4 inches to 10 
inches thick. It tends to be shallower in the brown and dark brown soil 
zones than in the black and gray. While its texture is most frequently a 
loam or a silty loam, it does vary from a loamy sand to a clay. Frequently 
the lower part of this horizon is characterized by a gray, finely laminated or 
foliated structure. This platy A 2 subhorizon may vaty from merely a 
thin layer to a thickness of a few inches. 

Horizon B 

The charafcristics of this horizon form the principal and most distinc¬ 
tive feature of the solonetz. Usually three subhorizons can be distinguished 
as follows: 

Sub-Horizon Bi. A very compact horizpn that becomes sticky and 
water tight when wet and very hard when dry. On drying it breaks into 

1 Soils Specialist, Dominion Experimental Farms Service. 
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Figure 1. Map of a Portion of Alberta Showing Soil Zones and Solonetz Areas. 
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coarse angular columns often characterized by a well rounded cauliflower¬ 
like top (Figure 8 ). For a depth of about i inch these columns are often 
capped with a grayish, very hard, dense layer. The columns are usually 
about 1 to 2 inches wide and rarely more than 8 inches long. They are 
made up of very hard small angular clods which are often coated with a 
dark shiny film that gives them a somewhat waxey or glazed appearance. 

Sub-Horizon B 2 . Here the vertical cracks that separate the columns 
become more irregular and break the soil mass into rough irregular cubes. 
The glazed appearance of the small clods is less marked and is frequently 
absent in.the lower part of this sub-horizon. The material is not as compact 
or as impermeable as that in the Bi. 

Sub-Horizon Bs. This has usually much the same structure as the B 2 
but contains lime and very frequently considerable quantities of gypsum 
within a short distance below the top of the lime layer. It is usually 
lighter in colour, often mottled, and is much mor 6 permeable than the B 2 
sub-horizon. 

The depth to and thickness of these sub-horizons vary with the loca¬ 
tion, the soil zone, and with the nature of the underlying parent material. 
The Bi varies from 3 to 8 inches in depth, the B 2 from 6 to 24 inches and 
the B 3 is encountered at depths varying from 12 to 36 inches below the 
surface. 

The Bi is the darkest coloured of these and it may be a greasy black, 
dark grown, drab gray or olive gray. Below the Bi the colour gets lighter 
and grades without any sharp changes into that of the parent material. 
In the brown and dark brown soil zones the colour of the Bi is frequently 
darker than that of any other horizon in the profile. 

The contact between the A and B horizons is characteristically very 
abrupt and clear-cut, totally unlike that of other soils. In the latter there 
is a very irregular and often indistinct break between these horizons. 

Usually the texture of the B horizon is a clay or clay loam. The Bi 
sub-horizon is the heaviest and frequently has an accumulation of the very 
fine clay particles. 

Horizon C 

This horizon varies in different regions as regards its depth and texture, 
and its characteristics depend on the derivation of the parent material. In 
some cases it may be found within 18 inches of the surfacfe but more 
frequently it is found at depths greater than 24 inches below the surface. 
It may consist of water or wind laid deposits, glacial till, or in many cases 
of the somewhat mixed or sorted products of the underlying bedrock. In 
the latter case its depth is usually quite shallow and the bedrock is relatively 
close to the bottoj^f of the Ba horizon. 

In the samples studied to date the pH of the A horizon varies from 
mildly alkaline in the brown soil zone to mildly acid in the black soil zone. 
Alkalinity increeases with depth; the Bi horizons average about pH 7.6, 
the B 2 about pH 8 , and the Ba and C about pH 8 . 2 . Comparable non- 
solonetz soils have about the same or slightly less acid A horizons, generally 
somewhat less alkaline Bi horizons and about the same alkalinity in their 
remaining horizons. 
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Figure 2. Typical Solonetz topography in the brown and dark brown soil 
zones. Note the pitted nature and in the foreground the depth of A horizon overlying 
the frequently exposed B horizon. 



Figure 3. Eroded cut showing very close proximity of underlying bedrock. 
This is typical of much of the flat solonetz area in the neighbourhood of Cessford, 
Coronation, Halkirk and Holden. 



Figure 4. Solonetz topography in the Black and Shallow Black Soil Zones. 
Flooded patches such as shown are typical during and sometimes after rainy spells. 
Such soils absorb water very slowly. 
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The horizons described are, in most cases, true genetic horizons, and 
as such one might expect them to reflect a definite chemistry of soil forma¬ 
tion. However, there is as yet considerable difference of opinion regarding 
this point. 

Kellog (3) in discussing these soils says in effect: *The solonetz 
represents one stage in a cycle of one group of saline soils. The group 
required is the alkaline group or that in which sodium salts predominate. 
If the group had a predominance of calcium salts rather than sodium no 
solonetz would be formed.” The solonetz soils studied to date in Alberta, 
and reported by MacGregor and Wyatt (4), have had calcium predominant 
in the base exchange. As these authors point out, similar studies elsewhere 
on this continent have shown that with but one exception, calcium and 
magnesium are predominant rather than sodium. As a result, some pedo¬ 
logists have been hesitant to use the name solonetz. However, considering 
the widely divergent views, it seems obvious that until such time as more 
convincing proof is available these soils cannot be strictly defined in chemical 
terms, especially in regard to the nature of their base exchange complex. 
They can easily be recognized by their structure and it is mainly this 
structure that sets them apart from other soils. Furthermore it is doubtful 
if solonetz soils always represent but one stage in a cycle of one group of 
saline soils. Our observations lead us to agree with Nikiforoff *s (6) suggestion 
that very often the solonetz and the other saline members ”may be gene¬ 
tically independent soil formations whose development and distribution is 
controlled by different factors.” 

Although considerable of Alberta’s solonetz soils occur as occasional 
patches of varying size intermixed and forming complexes with other soils, 
their most striking occurrence is in the belt (see map. Figure 1) that extends 
from Bruderheim to near Suffield, a distance of about 250 miles. This belt 
averages about 35 miles in width and attains its maximum width of 
approximately 60 miles in the vicinities of Brooks and Coronation. Patches 
of solonetz of varying size and not as yet outlined occur north of this belt 
and a fairly large area occurs south of this belt lying between Manyberries 
and Wild Horse in the south east part of the province. This latter area 
has much the same characteristics as the southern portion of the main belt 
and it may have been, at one time, a part of that belt. However, it is 
separated now by an area in which the prevailing conditions seem to be 
generally unfavourable to the development of solonetz. Outside of these, 
many small areas have been mapped and the largest, occurring near 
Etzikom, Coutts, Cardston, Chancellor and Leduc, have been outlined on 
the accompanying map. Solonetz areas are also known’ to occur in the 
neighbourhood of Breton, Legal, and between Red Deer and Millet, but 
their boundaries have not yet been determined. Similarly in the area 
north of that shown on the map solonetz patches of undetermined size are 
known to occur^or near Gibbons, Busby, Clyde, Grande Prairie, Fairview 
and Grimshaw. 

As indicated on the map the solonetz area extends through the brown, 
dark brown, shallow black and black soil zones of the province. Solonetz 
soils are also known to occur in the transition and gray soil zones. In 
addition they are found under a wide range of soil textures. However, 
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Figure 5. Solonetz profile typical of much of the flat solonetz area in the black 
and shallow black zone. In old road cuts, such as this, the columnar structure of the 
upper part of the B horizon is obscured due to the effects of weather. 



Figure 6. A deeper phase fine sandy loam solonetz profile. In the brown and 
dark brown soil zones the occurrence of this tight horizon at depths of about 24 inches 
often improves the agricultural value of such light sandy areas. 
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while they seem to occur over a wide range of parent materials their best 
development has been found in areas closely underlain by brackish marine 
shales and sandstones. 

The main belt of solonetz soils is found in a trough that lies between 
the Viking and Buffalo Lake moraines (8). The area within this trough 
is level to undulating and is covered over, for the most part, by a shallow 
mantle of glacial till. This shallow mantle lies either directly on the 
bedrock (Figure 3), or is sometimes separated from it by other unconsoli¬ 
dated deposits that are chiefly alluvial. The bedrock in this area consists 
of the Bearpaw formation, the lower members of the Edmonton formation 
and the upper members of the Belly River formation as outlined and 
described by Allan (1). These formations are bentonitic and contain 
varying amounts of soluble salts. The salty impermeable nature of these 
beds and the relatively thin covering of glacial till may have furnished 
conditions favourable to the development of this large solonetz belt. 

The areas as outlined on the map represent approximately 7 million 
acres or 20% of the area lying south and east of Edmonton and east of the 
fifth meridian. In these areas solonetz soils are either continuous or form 
not less than 20% of a mixture, and those in which the B horizon occurs at 
depths less than 12 inches below the surface. Outside of the solonetz 
areas shown on the map there are in addition at least 3 million acres of 
soils in which the B horizon occurs at depths greater than 12 inches below 
the surface. In light, sandy soils the presence of the tight horizon at 
depths greater than 12 inches (Figures 6 and 7) seems to improve their 
value as arable soils because of its water retention. 

The large amount of abandonment that has occurred in the outlined 
areas is evidence of the fact that these soils are inferior agricultural soils. 
Their inferiority becomes more pronounced in dry years or prolonged 
periods of drought. Regardless of the conditions that may have been 
necessary for their formation, they are not now alkaline soils. Neither are 
they any more deficient in total plant food than other neighboring soils. 
Their inferiority seems to be due to the unfavourable physical condition of 
the B horizon—particularly the Bi sub-horizon—which tends to restrict 
the feeding range of plants. In this connection Hide (2), studying the 
causes of certain unproductive spots in the black soils of the Red River 
Valley, concluded that these spots will not appear when the subsoil has 
been well supplied with moisture by means of a preceding season of clean 
fallow, by exceptignally favourable rains or by irrigation. 

While it is desirable that there should be an adequate supply of 
moisture it is at least equally desirable that this supply be available to 
the plant roots. In his review of the literature regarding the '‘Plant 
Growth Relations on Saline and Alkali Soils’* Magistad (5) points out that 
in such soils tbye is a decrease in available water due to the high osmotic 
pressure of the soil solution. Direct measurements have shown that water 
absorption by plants is reduced as the osmotic pressure of the subsoil is 
increased. He adds that some of these soils take on unfavourable physical 
properties in that they become dispersed, do not drain well, and will not 
readily "take” water with the result that plants grown on them may suffer 
from an actual lack of water, a lack of oxygen in the soil air, a lack of 
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Figure 7. A sandy loam solonetz profile in the dark brown soil zone. Note the 
variable depth of the A horizon. In heavier textured solonetz soils the surface is 
usually much shallower. 



Figure 8. A portion of the B horizon of a typical solonetz profile. Note the 
cauliflower like appearance of the top of the Bi sub-horizon and the columnar struc¬ 
ture of the upper 4 inches. These ‘‘round tops” are capped by a very hard, dense 
layer. The portion on the left side nearest the rule is a side view, while that on the 
right is a top view. 
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available nutrients and many other nutritional disorders. It would seem 
very desirable therefore to adopt some means of culture that would lead 
towards breaking and loosening up this horizon and then keeping it loose 
to promote an adequate movement of both air and water and enable plant 
roots to more easily penetrate this horizon. Experimental work (7) con¬ 
ducted on solonetz soils in the dark brown zone of Saskatchewan has shown 
that some improvement in tilth can be obtained by raising sweet clover, 
applying farm manure, occasional deep plowing, frequent summerfallowing, 
and a thorough preparation of the seedbed. 

In the brown soil zone of Alberta past experience indicates that it is 
very difficult to adopt a satisfactory economical means of opening up this 
compact subsoil typical of solonetz. The low average annual precipitation 
of 12 inches makes the growing of such deep rooted soil improving crops 
as alfalfa and sweet clover very uncertain. Grested wheat grass while 
not as desirable a soil improving crop, is better adapted to this zone and 
if seeded down and left for several years it might improve the tilth of these 
areas. At any rate it would improve the pasture in areas where the present 
stand in many places is quite poor. At the present time much of the non- 
irrigated solonetz area in this zone is poor arable land and where once 
farmed is now mostly abandoned. The problem is a serious one since 
solonetz soils occupy about one-third of the area of the brown soil zone. 

In the dark brown, shallow black, black, transition and gray soil 
zones these areas although difficult to work and uncertain of success might 
be improved with less difficulty. The average annual precipitation of 
from 15 to 20 inches is much more favourable and in seasons of good 
moisture many of the solonetz areas in these zones have produced good 
crops. With deep plowing and the establishment of alfalfa in the moister 
sections, and sweet clover in the drier sections, some hope of permanent 
improvement might be expected. However, it must be borne in mind 
that this process of improvement is a continuous one and the growing of 
soil improving crops and occasional deep plowing must be recognized as 
permanent features of the crop rotation. In these areas of more favourable 
moisture the solonetz are not so badly pitted and the depth to the B 
horizon is somewhat greater than is the case in the brown soil zone. Never¬ 
theless solonetz soils must still be considered as definitely inferior soils. 
Successful reclamation seems to depend largely on the depth to the Bi 
horizon, and on the depth to and the nature of the underlying parent 
material. In these zones abandonment has largely occurred in those 
solonetz areas in which bedrock occurs within a few, feet of the surface 
(Figures 3, 4, and 5). 

Much of the southern part of Alberta is receiving favourable con¬ 
sideration for future irrigation schemes. In some cases portions of the 
areas under ^Knsideration consist of solonetz soils. Under irrigation, there 
is no doubt that some of these soils will prove very satisfactory. The out¬ 
standing example of the successful reclamation of solonetz soils through 
irrigation is to be found in the vicinity of Brooks. With the judicious use 
of water, accompanied by the raising of deep rooted soil-improving crops, 
the compact layer of the solonetz has been broken up sufficiently to permit 
of good growth (Figure 9). However, in this area the underlying C horizon 
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Figure 9. A profile typical of the medium textured irrigated soils of the Brooks 
area. The area has been levelled over, and while there is still a distinct and sharp 
break between the A and B horizons, the latter has lost much of its compact charac¬ 
teristics through irrigation and the growing of deep rooted crops. 

consists of stratified sedimentary deposits of considerable depth that are 
quite permeable and permit ready percolation, once the heavy compact 
layer has been penetrated. It is unwise to assume on the basis of the success 
in the Brooks area, that all solonetz soils are amenable to irrigation. Those 
that do not have such a favourable subsoil or a desirable slope may on 
irrigation become waterlogged and saline. 

SUMMARY 

Solonetz soils have a very tight subsoil with a distinct and charac¬ 
teristic structure. Such soil areas are characterized by a patchy pitted 
surface that has given rise to the variety of local names used for them. 
They are of frequent occurrence in Alberta, and only the shallower of the 
continuous variety or of the mixed type in which solonetz soil represents 
not less than 20% of the mixture have been outlined in the solonetz areas. 
These areas represent a total of about 7 million acres in that part of Alberta 
lying south and east of Edmonton, and east of the fifth meridian. Their 
most extensive development has been found in areas closely underlain by 
brackish marine shales and sandstones, and their most striking occurrence 
is in the trough lying between the Viking and Buffalo Lake moraines. 

Solonetz soils are inferior agricultural soils, and their inferiority seems 
to be due to the unfavourable condition of the B horizon. Improvement in 
tilth can be expected only if some means of culture is adopted that will 
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lead towards breaking and loosening up this horizon and then keeping it 
loose. In the brown soil zone of Alberta past experience has shown that 
it is very difficult to adopt an economical practice that will improve the 
soil. In the other zones, where moisture is not such a limiting factor, the 
growing of such deep rooted soil-improving crops as alfalfa and sweet 
clover may bring lasting improvement if such crops are included as per¬ 
manent features of the crop rotation. The success of irrigation on solonetz 
soils seems to depend largely on the nature and depth of the material under¬ 
lying the B horizon. 
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DETERMINATION DU MAGNfeSIUM ECHANGEABLE DANS 
LES SOLS PAR LA 8-HYDROXY0 UINOLEiNE‘ 

Michel A. Pineau* et Lucien Choini^re® 

[Recu pour publication janvier 29, 1945) 

D’apr^s plusieurs auteurs (1, 6), la d6termination de faibles quantit^s 
de magnesium, sous forme de pyrophosphate, donne des rdsultats erronn^s, 
le plus souvent trop 61ev6s. 

La precipitation du magn6sium, sous forme de quinol^ate de magne¬ 
sium, par une solution alcoolique k 5% de 8-hydroxyquinoleine, donne des 
r^sultats beaucoup plus satisfaisants. 

HISTORIQUE 

Depuis une vingtaine d’ann6es, les travaux sur le reactif 8-hydroxy- 
quinoieine se sont multiplies. D’aprc^ Hoffman (3), le principe de la 
precipitation du magnesium par ce reactif fut utilise par Hahn et adopte 
par R. Berg, en 1927, par C. BomsKov, en 1931, et par D. M. Grecberg 
et M. A. Mackay, en 1932. En 1934, Javillier et Lavollay (5) presentent 
un travail sur Temploi de la 8-hydro\yquinoleine pour la determination 
du magnesium. Plus pres de nous, en 1938-39, Fr. Hormidas et Delorme 
(4) presentent k TOffice des Recherches Scientifiques de la province de 
Quebec, le resultat de leurs recherches sur le calcium et le magnesium chez 
les vegetaux. 

D’apr^s tous ces auteurs et beaucoup d'autres, la precipitation du 
magnesium sous forme de quinoieate, s’opere en milieu ammoniacal, en 
presence de chlorure d'ammonium. La presence de Tacide phosphorique 
et du magnesium du sol, peut fort bien, en milieu ammoniacal, donner 
naissance k un phosphate ammoniaco-magnesien. Travailler dans un 
tel milieu peut occasionner des pertes de magnesium. Le fait a ete constate 
par Fr. Hormidas et Delorme (4). Aussi, certains auteurs eiiminent-ils 
les phosphates avant la precipitation du magnesium. 

Dans le present travail nous contournons la difficulte en precipitant 
le magnesium, sous forme de quinoieate, en milieu sodique en presence de 
tartrate de sodium. 


Comparaison de la methode proposee avec la methode au pyrophosphate. 

Nous avons determine le Mg total sur quatre echantillons de sol. 
AprSs avoir fait les fusions en double selon la methode officielle de 
TA.O.A.C., on eiimina la silice et ramena k un volume connu. Deux 
aliquotes de chaque sol servirent k la determination du Mg en utilisant la 
methode proposee. Les autres aliquotes, placees dans des holes sceliees, 
furent analysees selon la methode officielle de TA.O.A.C., cinquidme 
edition, 1940. Voici les resultats obtenus (Tableau 1); 


Tableau 1 


Echantillon 

Methode proposee 

Mdthode au pyrophosphate 

16503 

2.05% MgO 

2.20% MgO 


0.84% MrO 

0.86% MgO 


1.14% MgO 

1.32% MgO 

1.34% MgO 

16506 

1.32% MgO 


1 R68um6 d'une thise de maltrise pr€8ent6e en 1942 A la Faculty d’Agriculture de rUniversLt6 Laval. 

* Directeur du D6partement de Chimie et Physique agricoles, ^ la Facult6 d’Agriculture de I’Universit^ 
Laval, Quibec. 

• Agronome-analyste au Laboratoire Provincial des Sols, de la Province do Quebec, Ste-Anne-de-la-Pocati^re. 
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La m^thode au pyrophosphate a donn6 des r6sultats 16gftrement 
sup6rieurs. 

Comparaison de la mithode proposie avec les autres mithodes d la 8-hydroxy- 
quinolHne, opSrant en milieu ammoniacal et en presence du chlorure 
d'ammonium, 

Neuf portions de 25 gr. du mgme sol furent lav6es chacune avec 1000 
cc. d’acide ac^tique, N/2, selon la m6thode d6crite par Williams (7). Les 
neuf litres de la solution furent partag^s en 18 aliquotes de 500 cc. chacune, 
correspondant 4 12.5 gr. de sol. 

Dans la m6thode proposte et d6crite plus loin Tacide phosphorique 
et le Mn ne sont pas dimin^s avant la precipitation du Mg. En etudiant 
le Tableau 2, nous constatons: 

(a) Que Tacide phosphorique du sol, en presence du Mg. et de NHOH, 
peut former un phosphate ammoniaco-magn6sien, et par consequent 
donner des resultats trop faibles; 

(b) Que le Mg ajoute fut presque entierement trouve avec la methode 
proposee. 

Tableau 2 




Methode proposee 


Autres methodes 


1 

10.00 mgrs. de Mg. 

10 

9.76 mgrs. de Mg, 

Dans 12.5 gr. sol 

2 

10.17 mgrs. de Mg. 

11 

9.73 mgrs. de Mg. 

3 

10.07 mgrs. de Mg. 

12 

9.44 mgrs. de Mg. 


4 

10.95 mgrs. de Mg. 

— 


12.5 gr. sol + 1.00 mgr. 
de Mg. 

5 

10.95 mgrs. de Mg. 

14 

10.89 mgrs. de Mg. 

6 

11.11 mgrs. de Mg. 

15 

10.94 mgrs. de Mg. 


7 

12.00 mgrs. de Mg. 

16 

11.65 mgrs. de Mg. 

12.5 gr. sol -1-2,00 mgr, 
de Mg. 

8 

12.00 mgrs. de Mg. 

17 

11.84 mgrs. de Mg. 

9 

12.02 mgrs. de Mg. 

18 

11.75 mgrs. de Mg. 


• Perdu. 


II est k remarquer, en plus, que le Mn fut determine dans les precipites 
et les filtrats. Avec la methode proposee, nous avons trouve que le Mn 
ne predpite qu’i Tetat de trace. Le reste se trouve dans le filtrat. En 
operant en milieu ammoniacal, le Mn predpite totalement. 

Description de la mithode proposSe. 

25 gr. de4Rl, seche k Tair, sont laves avec 1000 cc. d’acide acetique 
N/2, selon la methode de Williams (7). Le filtrat est evapor6 k sec, 
calcine k 500° C. durant environ 30 minutes. Aprfes la determination des 
bases totales 6changeables, on eiimine le Fe et TAl en les precipitant sous 
forme d’hydroxydes par NH^H (1 :1), en presence de NHd et de 
methyl rouge comme indicateur. Au filtrat leg^rement addifie par HCl 
dilu6 et porte k Tebullition on ajoute un excfes d^oxalate d'ammonium, puis 
quelques gouttes de bromo-ph6nol bleu; la solution se colore en jaune. 
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On ajoute goutte k goutte NH^OH (1 : 1) jusqu’au virage violet trks net, 
ce qui correspond A un pH de 4.2 4 4.6. On laisse refroidir et on filtre, 
en lavant Teau tr6s chaude. En op6rant dans ces conditions, il ne 
prEcipite pas de Mg et aucun sel alcalin n’est entrainE (2). 

Le filtrat contenant le Mg est Evapore k sec. On ajoute 25 cc. de 
HNO® concentr6, on laisse dig6rer pendant 12 heures, en recouvrant le 
b6cher d’un verre de montre. On 6vapore k sec, calcine au four k 400° C. 
pour volatiliser les dernieres traces d’ammoniaque. 

Le r6sidu est dissous dans HCl dilue, traite par 75 cc. d’eau et 3 gr. 
de tartrate de Na, chauff6 jusqu’au point d’ebullilion, en agitant pour 
dissoudre le tartrate de Na. On neutralise par NaOH, 2N, en presence de 
methyl rouge. On ajoute alors 5 cc. d’une .solution alcoolique de 8-hydro- 
xyquinol6ine, et, imm6diatement, 15 cc. de NaOH, 2N. On recouvre le 
b6cher d’un verre de montre et on le place sur un bain-marie a Tebullition 
durant 45 minutes environ. On laisse alors refroidir et reposer durant 2 k 
4 heures. On filtre dans des creu.^^ets de Gooch ou de verre I6na. Le pr6- 
cipit6 est lav6 k I’eau froide tres legerement ammoniacale (1 : 50), s6che k 
r^tuve k 160° C., pendant au moins 2 heures, refroidi et pese. Le quin- 
oleate de Mg obtenu contient 7.78% de Mg. 

RfeSUMfe 

En presence de tartrate de Na et de NaOH, la precipitation du Mg 
peut s’effectuer quantitativement par la 8-hydroxyquinoleine, en presence 
de Tacide phosphorique et du mangan^ese deplaces en lavant le sol par 
Tacide ac6tique N/2, ou tout autre acide dilu6 ou sel neutre employ6s 
pour le d6placement des bases 6changeables du sol. Dans un tel milieu 
I’acide phosphorique n’a aucune influence sur la precipitation du Mg. 
Le Mn ne pr6cipite qu'k Tetat de trace, meme pour des quantites relative- 
ment considerables. 
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RfiSUMfe 

M/ignesium is precipitated quantitatively by 8-hydroxiquinoline in 
presence of sodium tartrate and sodium hydroxide. The presence of 
phosphoric acid and manganese that can be drained by washing the soil with 
acetic acid N/2, or any other diluted acid, or neutral salt which has been 
used to extract the exchangeable bases, does not affect the former precipita¬ 
tion. Only minute amounts of manganese can be detected in the preci¬ 
pitate even when a large quantity is present. 



METHYL BROMIDE FUMIGATION OF PLANT PRODUCTS IN 
RAILROAD FREIGHT CARS WITH SPECIAL REFERENCE 
TO WORK SUPERVISED BY THE DOMINION DE¬ 
PARTMENT OF AGRICULTURE DURING 1944' 

H. A. U. Monro* and R. Delisle* 

Dominion Department of Agriculture^ Montreal^ P.Q. 

[Received for publication. July 9, 194S1 

As a result of the finding of severe insect infestations in cargoes of 
plant products imported into Canada in the early part of the present war, 
the Division of Plant Protection, Dominion Department of Agriculture, 
was obliged in 1942 to institute a policy of inspecting such cargoes immedi¬ 
ately on arrival in this country and insisting on treatment when considered 
necessary. A more detailed account of this situation, with the considera¬ 
tions of policy involved, was given by McLaine (4) in a review of the war 
activities of the Divisions of Entomology and Plant Protection since 1939. 
In brief, the object of this work is not merely to disinfest the imported 
goods themselves, but also to prevent the spread of the large insect popu¬ 
lations involved to other commodities, during handling in steamship sh^s, 
railroad cars, lake and canal steamers, trucks and terminal warehouses. 

During the season of 1944 large bulk consignments of plant products 
arrived in this country in steamships. These importations were made 
exclusively by one agency, the Bulk Purchasing Division of the Commodity 
Prices Stabilization Corporation, which operated under the Canadian War¬ 
time Prices and Trade Board. The active co-operation of the officials of 
this organization enabled a considerable amount of preliminary arrange¬ 
ment to be made prior to the arrival of each shipment. 

The activities of this Division in inspecting shipments and stipulating 
treatments had the effect of bringing the value of this type of control to 
the attention of representatives of food distributing organizations and 
transportation companies. As a result, our inspectors were asked to super¬ 
vise the treatment of export shipments of foodstuffs, notably consignments 
sent by the International Red Cross to distressed European countries. 
Strictly speaking, this activity lay outside the scope of duties originally 
envisaged for this organization, but the work was gladly undertaken to 
ensure that all food reaching such countries should be as free as possible 
from insects liable to cause deterioration. 

All the treatments were carried out by qualified pest control operators 
or concerns expert in industrial fumigation, working un^er the supervision 
of our inspectors. 

The majority of the treatments were made in railroad cars, and the 
fumigant usedfcwas exclusively methyl bromide. This paper, therefore, 
deals with a discussion of the railroad car fumigations and the use of methyl 
bromide as a fumigant in this technique. 

^ Contribution No. 47 from the Plant Protection Division, Science Service, Department of Agriculture, 
Ottawa, Ont. 

* Supervising Inspector in Charge of Fumigation, Division of Plant Protection, Montreal, P.Q. 

* Inspector, Division of Plant Protection, Montreal, P.Q., 
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GENERAL ORGANIZATION 

With the exception of two cargoes which arrived at New York, all 
the import shipments were unloaded at Canadian ports. The latter were 
inspected immediately on docking by officers of this Division, and arrange¬ 
ments were also made for one of our inspectors to examine on the dock a 
cargo of peanuts unloaded at New York. One lot of cotton seed meal 
shipped through New York, reached the ultimate consignees at different 
points in Canada before severe infestation by the cigarette beetle, Lasio- 
derma serricorne, F. was detected. 

For the most part the district inspectors were advised well in advance 
of the arrival of the steamers and, acting on the assumption that such 
commodities as peanuts would be infesled, as they invariably were, made 
plans for their handling and treatment. The arrangements consisted, for 
the most part, in ensuring that the railroad company had an adequate 
number of suitable steel box cars on hand and in seeing that well qualified 
fumigators were available with supplif\s of the fumigant. 

If the consignment was found to be so infested that treatment would 
be required, the importer was informed immediately, as among other con¬ 
siderations, the work would be done at his expense. The importer and the 
transportation company responsible for moving the goods inland having 
already decided if the treatments were to be made at the port of arrival or 
at final destination, arrangements were completed with the fumigators 
concerned. During 1944, both methods were tried, i.e. by fumigating the 
railroad cars containing the goods before they left the seaport or by delay¬ 
ing treatment until the cars arrived at or near destination. As far as this 
division was concerned, it was greatly preferable for the work to be done at 
the port of arrival. In actual practice, too, this was found by the railway 
companies to be the most convenient method and will probably be followed 
more closely in the future. 

For the most part the cars employed were of 3,710 cubic feet capacity 
and were usually loaded with 400 to 500 bags of commodities such as pea¬ 
nuts or chick peas, a total commodity weight of approximately 70,000 to 
90,000 pounds. 

The loaded railroad cars were diverted, as far as possible, to isolated 
yards remote from human habitation where four or more tracks were 
available for holding the cars during treatment and aeration. It was found 
desirable to segregate the cars undergoing aeration on a special “ventila¬ 
tion*' track, so that the fumigating crews preparing the next batch of cars 
for treatment would not be exposed to the gases diffusing from those being 
aired out. 

In theory, the inspectors left the carrying out of the treatments to the 
fumigators, the acceptance of each individual treatment being based on the 
examination of the cars after aeration. In practice, however, the experience 
of the inspectors was drawn upon, when required, to advise the fumigators 
on methods. After completion of the inspection, those cars found to be 
satisfactorily treated were released for dispatch to destination, while in the 
small percentage of cases of failure, repetition of the treatment was required. 
In some cases this involved a more careful sealing of the car or transfer of 
the goods to a more satisfactory car. 



796 


SCIENTIFIC AGRICULTURE 


[Vol. 25 


COMMODITIES TREATED AND INSECTS INFESTING THEM 

The commodities treated, both for import and export, are summarized 
in Table 1. A short description of the various commodities, with the 
insects infesting them, is also given herewith. 

Imports 

Broom corn: Importations of broom corn from countries other than the 
United States of America are subject to a quarantine treatment under the 
provisions of the Destructive Insect and Pest Act irrespective of the finding 
of infestation or not. This work is usually done by vacuum fumigation at 
Montreal. In February, 1944, however, an exceptionally large consign¬ 
ment of 6,127 bales was imported in bulk from the Argentine for general 
distribution in this country. In view of the large size of this shipment, 
which would take 3 or 4 months to pass through the vacuum vault, and the 
fact that the large amount of extra handling involved in stopping the goods 
at Montreal was to be avoided under wartime conditions, a special experi¬ 
mental project was undertaken whereby a method was worked out for 
treating the broom corn at temperatures between 30 and 40 degrees F. in 
steel box cars at the point of unloading. This is being made the subject of 
a separate report. 

Table 1. —Summary of box car fumigations supervised during 1944 


Name of port 
or district where 
treatment 
carried out 

Imports 

Exports 

Totals 

Commodity 

Weight 
in short 
tons 

No. 

of 

cars 

Commodity 

Weight 
in short 
tons 

No. 

of 

cars 

Weight 
in short 
tons 

No. 

of 

cars 

Halifax, N.S. 

Cotton seed meal 

60 

2 

Chicory root 

45 

2 

105 

4 

Saint John, N.B. 

Broom corn 

1,063 

94 

Mexican chick peas 

2,106 

63 




Indian peanuts 

180 

5 

Wheat 

3,282 

81 




Indian peanuts 

3,498 

97 




10,129 

340 

Quebec, P.Q. 

Nigerian peanuts 

112 

7 







Cotton seed meal 

40 

1 




152 

8 

Montreal, P.Q. 

Nigerian peanuts 

3,948 

95 







Indian peanuts 

4,150 

94 







Nigerian peanuts 

1,134 

27 




9,232 

216 

Toronto, Ont. 

Nigerian peanuts 

1,455 

67 







Indian peanuts 

4,309 

105 


i 





Cotton seed meal 

172 

3 




5,936 

175 

London, Ont. 

Nigerian peanuts 

1 907 

33 




907 

33 

Vancouver, B.C. 

Indiill^peanuts 

4,341 

97 




4,341 

97 



25,369 

727 


5,433 

146 

30,802 

873 


Peanuts: Large consignments of British Indian and Nigerian shelled 
peanuts arrived in seven steamers during 1944. These were all found to 
be severely infested at the time of unloading with the following species of 
insects: 
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COLEOPTERA TriboHum castaneum Hbst., Red flour beetle 
Dermestes ater De G. = cadaverinus Fab. 

Tenebroides mauritanicus Linn., the Cadelle 
Necrobia rufipes De G., Red legged ham beetle 
Oryzaephilus surinamensis L., saw-toothed grain beetle 

Lepidoptera EphesHa sericarium Scott = kuehniella Zell., Mediterranean 
flour moth 

Corcyra cephalonica Staint. The rice moth 

Plodia interpunctella Hbn., Indian meal moth (in shipment 
of Indian peanuts at Vancouver only) 

Cotton Seed Meal: A shipment of approximately 1,000 tons of cotton 
seed meal in bags was made from Biazil to Canada in the late spring of 
1944. This shipment came direct by rail via an United States port and was 
transported to a number of consignees throughout Eastern Canada. Several 
consignees refused to accept this material into their warehouses on finding 
a large number of insects, subsequently identified chiefly as larvae of the 
cigarette beetle Lasioderma serricorne F., with a few adults of TriboHum 
castaneum Hbn. present also. The matter was brought to the attention of 
our District Inspectors and it was decided that all the material not as yet 
consumed should be treated to prevent the spread of the infestation. 
Several warehouse fumigations with methyl bromide were made on material 
all ready unloaded on the premises of the consignees, with good results. A 
number of railroad car fumigations were also successfully carried out. 

Exports 

Chick Peas: In late April, 1944 at Saint John, N.B., portions of a 
large shipment of chick peas (''Garbanzos'', the seeds of Cicer arietinum), 
en route to Greece through the agency of the International Red Cross, 
were found by our inspectors to be infested by the cow pea weevil Calloso- 
bruchus maculatus Fab. {Mylahris quadrimaculatus Fab.). These peas had 
been grown in Mexico and were a gift of the United States Government to 
the people of Greece. As mentioned before, this Division had no direct 
jurisdiction over this material, but, in view of the nature and destination 
of the consignment, gladly co-operated by loaning the services and technical 
experience of the Saint John staff for the supervision of the fumigation of 
those carloads of peas found to be infested as they arrived at Saint John. 
In treating this shipment a considerable amount of reloading had to be 
carried on in order to transfer the bags to Canadian steel box cars from the 
original cars, which belonged to United States railroads and were largely of 
wood construction or were otherwise unsuitable for fumigation. 

Wheat: In September,. 1944 a shipment of wheat grown in the United 
States and en route to the British authorities in France via Saint John, 
N.B., was refused for loading on board the steamer by the steamship agents, 
following the finding of an outbreak of Plodia interpunctella in parts of the 
consignment, which was packed in 100-pound bags. Our inspectors were 
again asked to supervise the fumigation work. In this case, also, a con¬ 
siderable amount of reloading of cars had to be undertaken. 
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Chicory Root: A shipment of 1,046 bags of chicory root on the way 
from Montreal to Iceland in November, 1944 was found, at the time of 
loading at Halifax, to be infested with Plodia interpunctella Hbn. This 
material was fumigated in two steel box cars, the interesting aspect of this 
work being the low temperature at which the treatment was carried out 
and which will be fully described under “Results.” . 

STEEL BOX CAR CONSTRUCTION AS EFFECTING FUMIGATION WORK 
The use of methyl bromide in Canada for fumigating goods in steel box 
cars was first discussed by Monro and Delisle (S). As was to be expected, 
it was subsequently found that the success of the treatments depended 
greatly on the construction of the individual cars, especially in the structure 
and method of attachment of the roofs. As a result of observations made 
on the construction of steel box cars during a large number of fumigations, 
and following consultation with the officials of the mechanical departments 
of the two principal Canadian railway companies, it has been possible to 
prepare lists by number series of preferred classes of steel box cars most 
suitable for fumigation work, in view of their being sufficiently air tight 
not to require sealing other than at the doors. As a matter of general 
policy wooden box cars are not permitted to be used, although in exceptional 
cases, these have been successfully employed. (During the severe steel 
shortage a few plywood box cars of design similar to recent steel box cars 
were constructed by the Canadian Pacific Railway Company, as illustrated 
in Figure 1. These proved to be in every way as good as steel box cars for 
fumigation purposes.) 


[ 



Figure 1. Canadian Pacific Railway freight car with plywood walls and steel 
roof. (Authors’ photo). 
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Figure 2 


In ‘'steel” box cars the walls and roofs are made of steel, but the floors 
are constructed with boards, usually British Columbia fir, 4 inches wide 
and inches thick, joined by tongue and groove. Leaks of fumigants do 
not usually occur through the floors. 
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As a general rule, the air-tightness of a steel box car deteriorates with 
age, as constant vibration enlarges seams and cracks in the walls and roofs. 
It is therefore desirable to rule out, as far as possible, steel box cars more 
than IS to 20 years old. Canadian steel box cars constructed approxi¬ 
mately between 1927 and 1940 were equipped with types of all steel roofs 
known principally as “dry lading” or “radial” roofs. 

These roofs, by the nature of their construction and the method of 
their attachment to the walls of the cars, will permit a considerable amount 
of leakage. The three types of roof construction encountered in these 
classes are illustrated diagramatically in Figures 2 and 3. The Canadian 
National Railways “radial” roof has transverse carline caps and a longitu¬ 
dinal ridge cap at the point of junction of the steel roof plates. At each 
end of the car, also, the end plate is bolted over a wooden sill or “fascia.” 


-Ceiling 6oard 


Steel Roof Sheet 


Wooden Side 



A 




This Rooffs Simthr to CNR Ory Lodiog Roof with Samo 
Troiis¥ors9 Cor/inoCopo But No RtdgoCap: In Addition it has 
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TRANSVERSE SECTION OF ROOF 

ALL STEEL RADIAL ROOF 


ttak 


y -Ridge Cap 

^ —Roof Sheet 



mPGE CAP 

Intermediate 

Steel l^ of Sheet Trans^m^ Cap End T i^svfrse Cap 

• • -SI'-r-—— — zi' — 
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BOX CAR NUMBERS 225000- 
240000 


-225699'1 MOP TYPES A.tB. 


H(HCmw0d^ *45 


Figure 3 
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At both these points continual leakage of methyl bromide has been 
observed.'* The “dry lading” steel roof of the Canadian Pacific Railway 
cars has transverse carline caps at the junctions of the steel plates, but these 
latter extend the full width of the car, and there is therefore no longitudinal 
ridge cap. This latter advantage is offset, however, by the fact that the 
roof rests on wooden fasciae at both sides and ends. 

These roofs are also illustrated in photographs of the box cars in 
Figures 4 and 5. With continued wear and tear, warping and displacement 



Figure 4. Older type Canadian National Railways steel freight car with 
wooden “fascia” at end of roof. 


of the steel plates and the wooden fasciae occur to aggravate the amount 
of gas leakage. Pest control operators state that an additional four or 
five man-hours of work in sealing these cracks are required to render the 
cars fit for a satisfactory fumigation. As far as possible, the co-operation 
of the railway officials is solicited to avoid the use of these types of cars for 
conveying infested commodities requiring treatment (see Table 2). 

The Canadian Pacific Railway ''pivoted*' roof (B in Figure 3) has 
never been encountered on all steel cars, although officials state that it is 
employed. It is common on wooden box cars with steel roofs. The great 

* All these points of leakage were first demonstrated in actual practice during fumigations with methyl 
bromide with the aid of the commonly employed “Halide Leak Detector,” various types of which are manu¬ 
factured and marketed by different companies. 


Figure 5. Older type Canadian Pacific Railway steel freight car with wooden 
^'fasciae" at end and sides. 

possibility of leaks through the intermediate transverse caps, which could 
not be easily sealed off, would seem to rule out from the beginning box cars 
so equipped. 

Table 2.—Classification of Canadian freight cars 
Listed by number series according to suitability for fumigation. 

A. Cars which should not be employed 

(1) All Wooden Box Cars, (Some wooden box cars have been successfully 
empl(^ed, but a definite rule must be laid'down to avoid them.) 

(2) All Automobile Cars, (Even with considerable ^xtra sealing, failures 
must be expected with this type.) 

B. Steel box cars which should be avoided, if possible, owing to con¬ 
siderable extra sealing required 

J|||ese cars have wooden sills (fasciae) at junction of wall and roof. 

Canadian National Railways 
471000 - 473999, flexible all steel radial roofs. 

Canadian Pacific Railways 

. 225000 - 225699, flexible or pivoted steel roofs. 

240000 - 247499, flexible or pivoted steel roofs. 
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C. Cars which can safely be employed 


Canadian National Railways 

riveted and welded steel roofs. 
520000 - 521999, 50-ton capacity cars with riveted steel roofs. 

Canadian Pacific Railways 


and welded steel roofs and plywood sheathed cars. 
226000 - 228799, riveted and welded steel roofs. 

248350- 251249, plus new cars, riveted and welded steel roofs. 


In recent steel freight car construction, mostly during the last four or 
five years, both Canadian railway companies have employed all steel roofs, 
described either as the “riveted roof“ or “solid steel roof.“ An example 
of this roof is illustrated in Figures 6 and 7. The steel plates are riveted 
or welded together and the seams filled with a caulking compound. The 
entire roof is then riveted and caulked onto the walls, so that an airtight 
structure is produced. The number series of these new types (to recent 
date) are given in Table 2. These cars are so well made that they form 
perfect fumigation structures and, if thoroughly sealed, the amount of gas 
leakage from them appears to be practically nil, so that a constant minimum 
dosage can be safely employed. 



Figure 6. New type riveted steel roof as used on Canadian National Railways 
steel freight car (see Figure 7). 
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Figure 7. New type steel freight car with all steel roof. 


In our experience steel freight cars owned by railways in the United 
States and which have been used while in Canada have not, on the average, 
been so suitable for this type of work. This has been due, for the most 
part, to the fact that American cars seen in this country have been both 
considerably older, dating many of them prior to 1929, and subjected to 
more wear and tear. A number of recently built cars, similar to the 
Canadian all steel car with the riveted roof, have been encountered, proving 
to be as suitable as the most recent Canadian types. 


^ . r. T ^ FUMIGATION METHODS 

Fumigant Employed 

In all this work methyl bromide was the fumigatit employed, either 
alone or in combination as a proprietary fumigant containing approximately 
93% carbon dioxide and 7% methyl bromide. 


Methyl bromide (CHsBr) at ordinary temperatures is an odourless 
gas, boiling'^om a colourless liquid at 40.1®F. and having a specific 
gralvity (Air = 1.00) of 3.27 at 32® F. It is thus considerably heavier 
than air. The molecular weight is 94.94. Experience has shown that it 
tends to stratify if introduced at the lower part of a fumigation structure, 
but once thoroughly mixed whh air by fan circulation or diffusion it remains 
in equilibrium with all parts of the atmosphere of the structure. It is lost 
very rapidly through any point of leakage. 
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• Methyl bromide alone is supplied in 1-pound cans or cylinders of 
different weights. When mixed with carbon dioxide it is usually marketed 
in cylinders containing 50 lb. of the mixture. 

The natural vapour pressure in methyl bromide containers is: at 
50® F.—4 lb. per square inch; 60® F.—8.5 lb.; 70® F.--13 lb.; 80® F.—19 
lb.; 90® F.—25 lb.; 100® F.—32 lb. 

Sealing the Cars 

In box car fumigation considerable care and thought must be given to 
the extra sealing required, to prevent avoidable leakage of the gas. 
Methyl bromide is very volatile and quickly diffuses through any leaks in 
the structure. As already pointed out, in the best type of steel box cars 
sealing in the region of the doors is all that is required. 

Experience has shown that the best method is to seal both doors from 
the outside, so that every point of leak detected round the sealing is acces¬ 
sible after sealing is completed. Many insects attempt to escape from the 
gas by crawling into cracks in the floor and under the door, and outside 
sealing ensures both that the fumigant is able to penetrate these cracks 
and also that the insects are unable to reach the outside air. In addition 
to sealing round the doors it is also necessary to seal off small leaks around 
the rollers of the door tracks. Other points of leak may be encountered 
from time to time, such as rain drainage outlets found in some types of cars. 

Under normal conditions effective sealing can be done with brown 
paper liberally smeared on both sides with a good quality cawsein paste or 
one containing a mixture of flour and oil. A sticky mineral jelly such as 
vaseline (petrolatum) has been used to stick down the paper, and this is 
especially useful at lower temperatures, but it is necessary to wipe the 
surface afterwards to remove the jelly to prevent accidents liable to be 
caused by the slippery surface. Other methods have been successfully 
employed at the discretion of the individual operators, including the use 
of a mixture of calcium chloride and asbestos. 

Before the war masking tape was usually recommended for conveni¬ 
ence, but at the time of writing it is difficult to obtain. 

Applying the Fumigant 

As the whole treatment was placed in the hands of the commercial 
operators, the methods of applying the fumigant were left largely to their 
individual choice. Actually, for the reasons discussed hereafter, this 
Department would prefer the employment of a method by which the gas 
is applied from outside the car. 

^'Cold Gas" and Pan Method: The methyl bromide in 1-pound cans is 
cooled off with dry ice until it is at a temperature well below its boiling 
point. Two operators, wearing gas masks and either leather or rubber 
gloves then enter the car through one door, the opposite door having 
already been sealed either on the inside or, preferably, the outside. Each 
man working from one end of the car, the cans arc opened with special 
openers ('^beer can openers’’) and the contents poured into shallow dishes 
or baking pans, placed at intervals on top of the bags, until the required 
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dosage is obtained. The open door is rapidly closed and sealed after t»he 
operators withdraw (Figure 8). This method has been found very effective 
for obtaining complete control of the insects as long as the pans are placed 
near the highest points of the bags. Apparently the majority of the gas 



Figure 8. Scaling freight car after application of fumigant. 

remains for some time at a low level in the cars, as failures have so far not 
been reported in the cars with the wooden fasciae described above. Un¬ 
fortunately, the cooled cans are too cold to be carried in the bare hand and, 
when gloves are worn by an operator treating a fair number of cars per 
day for several continuous days, typical ‘'methyl bromide” blisters develop 
on the thumbs and fingers of the men. These are irritating and take some 
time to heal up. ^ The formation of these blisters is due to the absorption 
and retention of methyl bromide in the fabric of the glove. 

''Hot Gas'' Method: In this case the procedure is similar to that in the 
foregoing method, but the cans are not cooled and the operator does not 
usually wear gloves. Usually, also, pans are not used, but if they are they 
merely served a platform on which to set the cans. The cans are opened 
with can openers or sharp chisels, and immediately a mixture of gas and 
liquid is forced out of the can, and on warm days this effect is greatly 
increased. It is impossible to avoid the spilling of some of the liquid on 
the fingers and here again blisters develop on the hands if more than a few 
cars are treated. Some operators prop the cans carefully between two bags, 
others merely stand at the door and throw them towards the end of the cars. 
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With this method serious leaks of fumigant and failures to obtain 
control have resulted when used with cars equipped with the roofs balanced 
on the wooden fasciae, and extra sealing is required to avoid this. More¬ 
over, with the leak detectors tests have shown that some methyl bromide 
is lost to the open air before the open door can be shut. This method, 
therefore, is open to very serious objections and should be avoided, especially 
when a large number of cars are undergoing treatment. 

“Can and Applicator'' Method: Special applicators (see Figure 9) can 
be obtained for discharging methyl bromide from the 1-pound cans. By 
means of a steel spring which binds the can, a pointed steel tube surrounded 



Figure 9. Use of methyl bromide cans to apply fumigant frou roof, especially 
useful in cool weather. (Authors’ photo). 

by a rubber gasket is thrust into the can and the liquid forced out by the 
gaseous pressure inside the can. Recently “Saran” plastic tubing haS 
been introduced for carrying the fumigant to the point of discharge. These 
tubes are closed at the end with a copper thread and have small holes 
punched near the tip to allow the lateral discharge of the fumigant. 

As illustrated (Figure 9) a convenient method of using this apparatus 
is to mount three applicators on a small wooden platform to steady the 
cans against the back pressure of the gas. If the cans are discharged from 
the top of the car residual gas and liquid in the line drains off more readily, 
especially in cool weather. One operator devised a method (see Figure 10) 
of holdingj^he door practically closed by means of a wooden board 4 inches 
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Figure 10. Roof application of methyl bromide, showing position of board in 
door. (Authors’ photo). 

I 

wide placed in the door jamb, leaving a small aperture 6 by 4 inches in 
area at the top through which the tubes led into the car. The door could 
then be quickly sealed after the removal of the board. 

Saran pl^Aic tubing becomes somewhat brittle when cooled to about 
32® F., and it is invariably cooled by the methyl bromide vapour discharg¬ 
ing through it. Some care, therefore, must be exercised in handling it 
under these conditions. 

Cylinder Methods: The unmixed methyl bromide can be very readily 
discharged from cylinders by the positive pressure of the fumigant itself, 
which is usually increased by the addition of some air befoi^shipment. 
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By attaching an ordinary copper tube of, preferably, 3/16-inch internal 
diameter directly to the cylinder (Figure 11) the gas can be carried into the 
car through a small hole bored in the floor near the door or through the 
aperture above the board as described in the preceding section (Figure 10). 



Figure 11. Cylinder method of methyl bromide application. (Auihorc’ photo). 


After discharge the hole in the floor should always be carefully filled with a 
hardwood plug whittled to the correct size. The copper tube should be 
pinched at the end and several small holes punched near the tip for side 
delivery of the fumigant. The weight of fumigant required is easily read 
on the scale holding the cylinder. 

In many ways this is the most satisfactory and safest method of dis¬ 
charging the gas, and is the one preferred for recommendation by this 
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Division. However, operators have found the cylinders and scales heaVy 
and awkward to move around in a railway freight yard, and, during recent 
years, there has been a shortage of cylinders. 

The proprietary fumigant 'Troxate” is discharged from 50-pound 
cylinders containing approximately 3.5 lb. of methyl bromide and 46.5 lb. 
of carbon dioxide. It is claimed that the carbon dioxide adds to the effec¬ 
tiveness of the fumigant, permitting lower doses of methyl bromide. This 
effect has never been confirmed by us in practical application, but there is 
no doubt that the carbon dioxide aids in the rapid diffusion of the toxic 
agent. However, in cars which are liable to leak, especially through the 
roof, failures have been recorded. This matter is discussed more fully 
under Results.” “Proxate” is usually discharged through holes bored in 
the floor of the car, so that both doors can be fully sealed before application. 
In very tight cars this fumigant mixture can often be observed discharging 
excess pressure by distending the paper sealing material, and thus some¬ 
times some re-sealing is required. The entire contents of the two cylinders 
are discharged for each car, giving a dose of approximately 7 lb. of methyl 
bromide per car. 

VENTILATION AND INSPECTION 

The fumigation treatments w€*re invariably made overnight, with 
exposure periods of 16 to 24 hours. At the end of treatment both doors 
were opened wide and the cars were not entered for at least two hours. 
Under most summer conditions this was sufficient for the dissipation of 
the gas from the body of the car, and only mild reactions for methyl bromide 
of approximately 50 parts per million were recorded among the bags towards 
the end of the cars. As might be expected, weather conditions influenced 
the ventilation of the gas considerably, and a number of different effects 
were observed, the more important of which are listed herewith: 

(1) On warm windless days the gas dissipated rapidly from all parts 
of the cars and most quickly in the absence of extensive cloud cover. 

(2) On very windy days, either cold or warm, when a strong draught 
of air crossed the middle of the cars, the gas was sometimes “pocketed” at 
one or both ends of the cars. 

(3) In cool damp weather and during rain the gas took often consider¬ 
ably more than 6 hours to dissipate completely from the free air space in 
the cars. In Vancouver, B.C., during the night October 2nd to 3rd, rain 
and fog was continuous and there was no wind. A car of peanuts under 
observation was opened up at 2.00 p.m. on October 2nd when the outside 
air temperature was 56° F. and that in the free air space of the car 62° F. 
During the night these fell to 58 and 53° F., respectively and rose to 59° in 
both cases when due for inspection at 2.00 p.m. on October 3rd. The 
temperature in^the peanuts was 65° F. 22 hours after opening. At this 
time the rain mid fog were still prevailing. Tests with the leak detector 
showed methyl bromide present in the free air of the car to be 35-50 parts 
per million only 4 to 6 feet back from the opened doors, 24 hours after both 
doors had been opened. 

The above examples demonstrate most forcibly the daniger of following 
any hard and fast rules for natural ventilation. Climatic conditions, with 
their attendant air currents, have a very marked and variable effect. The 
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iftspectors of this Division have instructions to protect themselves with 
careful and frequent use of the leak detector before entering? cars to carry 
out inspections, as it is not considered practical or necessary for them to 
wear gas masks for this work. In practice, the examination of the com¬ 
modity for insect kill is usually made at or near the doors, as these are the 
weakest points in the fumigation structure. 

In no instance were the cars released for dispatch for destination until 
they had received at least 6 hours of continuous ventilation. 

During 1944 each car of produce was examined by an inspector of this 
Division before being released. Some samples of peanuts from each con¬ 
signment were also taken before and after treatment for checks on quality 
and residue. These matters are disrusbcd further under “Results.” 

RESULTS 

During 1944 a total of 873 freight cars were fumigated with methyl 
bromide under the supervision of this Department (see Table 1). Of this 
number 94 were cars of broom corn treated at low temperatures and in 
which only test insects were employed to estimate the mortality obtained. 
The broom corn treatments are being made the subject of a separate report. 

Mortality of Insects 

Of the balance of 781 cars which were used to treat peanuts, chick 
peas, wheat and cotton seed meal only 15 treatments were rejected for 
failure to produce a satisfactory kill of the insects found in the produce. 

In assessing a “satisfactory kill” the inspectors w’ere, theoretically, 
allowed to exercise some judgment. For example, the finding of one or 
two live insects in a heavily infested carload would not necessarily cause a 
rejection. In practice, however, rigorous inspection of the cars usually 
failed to reveal any living insects after the successful treatments. In the 
case of the failures, numerous survivors were always found. 

In warm weather the insects were sometimes found in considerable 
numbers on the outside of the roofs and walls. These insects could, and 
did, migrate back into the cars during the ventilation process. Also, 
occasionally, insects were found flying from cars awaiting fumigation, and 
undergoing sealing, to cars being ventilated on an adjacent track. These 
movements back into ventilated cars seemed to be confined to a very small 
number of individuals and were of no consequence as they were not respon¬ 
sible for any fresh outbreaks of the pests. 

On arrival of a few of the ca» at destination complaints were made by 
the consignees following the finding of live insects on the commodity. On 
investigation it was found that only a few insects were involved and appar¬ 
ently they had moved back into the fumigated cars in the manner described 
above. 

Cotton seed mea! tends to pack very thickly in the bags, and it was 
thought that some difficulty might be encountered in gaining penetration. 
However, with a dose of 2.5 lb. per thousand cubic feet and a 36-hour 
exposure at summer temperatures complete control was obtained in the 
cars. 
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The record of 15 failures includes 13 due to unsatisfactory cars, ‘a 
situation which, in view of wider experience, could be avoided by additional 
sealing of those cars which can be made more airtight or by rejection of cars 
now known to be structurally unsuitable for fumigation under any circum¬ 
stances. The two failures due to faulty method came about through the 
use of the 1-pound cans and the Saran plastic tubing by an operator who 
was not familiar with their use. Here again additional experience will 
obviate such failures. 



Figure 12. Freight car loaded with peanuts, after fumigation. 


From 53 of the cars of peanuts successfully fumigated and passed by 
our inspectors at Montreal (43 cars) and Vancouver (10 cars) 2-pound 
samples of peanuts were taken to the laboratory and incubated at 80® F. 
and 60% relative humidity, suitable for rapid development of the species 
involved. These samples were examined periodically and in only three 
cases were insects found to develop. Two were from United States cars 
of doubtful construction treated with the proprietary mixture, and showed 
a developmenli^f Tribolium castaneum Herbst. The other was a sample 
from a sound car treated at Vancouver which showed complete mortality 
of all stages of T. castaneum and eggs and larvae of P, interpunctella but in 
which the only cadelle larva (T, mauritanicus) found was a survivor. Control 
samples removed before treatment showed continued development of the 
populations. These results coupled with observations made during unloading 
and storage tend to show that all stages of the insects listed above can be 
killed during a successful freight car fumigation in a satisfactory type of car. 
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Effect of Dosage 

As already stated, the dose of fumigant and the methods of applying 
it were left to the judgment of the individual pest control operator. At 
the beginning of the project, when less was known about the sources of 
leak and the methods of overcoming them, an over all dose of 10 lb. of 
methyl bromide for a car of 3,710 cubic feet capacity (approximately 2.5 lb. 
per thousand cubic feet) was made for treatments with the temperature 
above 60° F. in both commodity and free air space. With the cars of the 
best type, as described above, it was found that 6 lb. per car was sufficient 
to give a complete kill (approximately 1.5 lb. per thousand cubic feet). 
Very few treatments were made at lower temperatures, but the operators 
concerned added | pound per thousand cubic feet for every 5-degree drop 
below 60° F., based on the temperatures at lime of application. These 
doses were usually employed for an exposure of 16-24 hours except in the 
cars of the cotton seed meal where a 36-hour exposure was given. 

Effect of Temperature and Outside Weather Conditions 

During the period May to November, 1944, a fairly wide range of 
temperature conditions was encountered. The lowest temperatures were 
experienced during the treatment of chicory root to control Plodia inter- 
punctella larvae at Halifax on October 30. The temperatures experienced 
were: Commodity 46-50° F.; in free air of car 32° minimum during night, 
50° maximum during day; in outside air 38° maximum, 24° minimum during 
the night. The period of exposure was 21 hours and the dose of methyl 
bromide 3 lb. per thousand cubic feet. Careful examination revealed that 
complete control of all the larvae had been obtained, including those boring 
deeply into the roots. In the fumigation of peanuts temperatures as low 
as this were not encountered, but successful fumigations were done at 
commodity temperatures as low as 52° with outside temperatures of 45° 
and car temperatures as low as 54° F, From the results of other investi¬ 
gations on low temperatures (as yet unpublished) it is believed that success¬ 
ful results can be obtained at commodity temperatures as low as 20° F. 
(and possibly lower) as long as the problems of volatilizing the gas can be 
overcome. 

With full sunshine beating on the walls and roofs of the cars, inside 
temperatures as high as 107° F. have been observed. 

Wind velocities as high as 20 miles per hour were recorded during the 
fumigations. It is concluded that, as a result of extended observations on 
this point, wind velocity has no effect on the success of freight car fumiga¬ 
tion, provided good cars and adequate sealing are employed. 

Effect of Fumigation on the Commodities 

No complaints of alteration in taste or processing qualities were 
received as the result of the fumigation with methyl bromide of imported 
peanuts and cotton seed meal, and exported chicory, wheat, and chick 
peas. In the case of the peanuts, manufacturers of peanut butter were 
contacted in several cities and the statement elicited that the fumigant had 
had no appreciable effect on taste. Tests in the l^umigation Laboratory 
at Montreal, P.Q., made on the chicory also failed to show any effect on 
the flavour of ground chicory. 
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Samples of peanuts removed from the cars after fumigation were 
submitted to the Dow Chemical Corporation, Midland, Michigan, for 
analysis in their laboratories. The results of this analysis are given in 
Table 3. The first sample of American peanuts was obtained during the 

Table 3.—Residues in peanuts fumigated with methyl’ bromide in freight cars 


Sample 

Total bromide 

Remarks 

American peanuts 

Car CN 476533, 3,712 cu. ft. containing 65 balesl 
of broom corn. 1 

Dose—16 pounds of methyl bromide for 20 hrs. ( 
Temperature—25° F. in bag peanuts. J 

% 

0.0028 


Control, non-fumigated 

0.0001 


Nigerian peanuts 

100 lbs. Proxate, May 20, 24 hrs., 3,000 cu. ft.\ 
commodity at 64° F., NYC 130440 J 

0.0010 


10 lbs. methyl bromide in pans, 24 hrs.. May 20,1 
commodity at 65° F., C & 0 12533, 3,000}“ 
cu. ft. j 

0.0009 


First fumigation, Erie 70927, 2,926 cu. ft., 10| 
lbs., CHaBr with applicator. May 19, 24 hrs. | 
at 60° F. 

Second fumigation, CP 221264, 3,715 cu. ft.,1 
100 lbs., Proxate, 24 hrs.. May 24 at F. ] 

0.0015 

Repeat due to failure 
in application. 

Control, non-fumigated ex WAB 82361 

0.0004 



fumigation of broom corn at low temperatures. The figures obtained are 
somewhat lower than those quoted by Dudley and Neal (2) for whole nut, 
unroasted peanuts. These authors exposed peanuts and other products to 
a dosage of two pounds of methyl bromide per thousand cubic feet for 24 
hours at 68-77° F. and obtained the following residues in the peanuts: 


Mg. Br./lOO gm. sample 


Sample 

Before 

fumigation 

(control) 

Immediately 

after 

fumigation 

24 hours 
after 

fumigation 

48 hours 
after 

fumigation 

Peanuts, whole niU, 
unroasted 

None 

Ex 

0 

5.04 

pressed as percer 
.00504 

5.00 

itage total bromi 
1 .0050 

5.00 

ide 

.0050 


None of these residues, however, can be interpreted as of any 
significance from the point of view of human consumption, according to 
observations made by Dudley and Neal (2), Flinn (3) and Clark et aL (1). 
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» SUMMARY 

1. A description is given of a successful campaign to prevent the 
spread of stored product insects found in imported plant products. The 
infestations were eliminated chiefly by fumigation with methyl bromide in 
steel freight cars at the port of importation or at destination. 

2. An account is also given of freight car treatments of exported food¬ 
stuffs prior to loading on board the steamship. 

3. With the selection of suitable types of steel freight cars satisfactory 
control of several species of stored product insects was obtained in shelled 
peanuts, wheat in bags, chick peas, and cotton seed meal. In most cases 
complete mortality of all the insects present was obtained. 

4. The methyl bromide fumigation appeared to have no adverse effects 
on the products treated and residues analysed in fumigated peanuts were 
of no toxicological significance. 

5. For steel freight cars of airtight construction a dose of 1.5 lb. of 
methyl bromide per thousand cubic feet is recommended for exposure 
periods of 16 to 24 hours at temperatures of 60° F. and cibove. A graduated 
increase in dose for lower temperatures is provisionally suggested. 
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Blueprints showing the construction of various types of cars wece 
loaned by officers of the equipment departments of the two principal 
Canadian Railway companies, who also supplied important data and lists 
of car series. These officers were, for the Canadian Natiofial Railways, 
Mr. E. R. Battley, Chief of Motive Power and Car Equipment, and Mr. 
G. E. McCoy, Assistant Chief of Car Equipment, and for the Canadian 
Pacific Railway Company, Mr. H. B. Bowen, Chief of Motive Power and 
Rolling Stock, and Mr. H. B. Winship, Mechanical Engineer. 

We are indebted to Mr. H. G. Carmody of the Toronto Office of this 
Division for preparing the illustrations for Figures 2 and 3. 
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CHEDDAR CHEESE MADE FROM RAW MILK^ 

O. R. Irvine^, L. R. Bryant*, and W. H. Sproule^ 

Ontario Agricultural College, Guelph, Ontario 
and 

S. H. Jackson®, A. Crook‘d, and W. M. Johnstone^ 

Hospital for Sick Children, Toronto, Ontario 
[Received for publication June 25, 1945) 

Cheese of the cheddar variety was one of the first dairy products 
manufactured on a commercial scale in Canada. Since its inception the 
cheese industry has served as the chief means whereby Canadian dairymen 
have been able to conserve and market much of the milk produced during 
the seasons of heavy production. Cheese manufacture has continued to 
maintain this position of leadership in spite of the fact that more modern 
methods of preserving the nutrients of milk have since been perfected. 

It is recognized that in the cheese making process, a portion of the 
milk nutrients is not retained. The nutrients which are not retained 
consist chiefly of lactose and albumin as well as relatively large proportions 
of the minerals and water-soluble vitamins. Whey, the by-product of 
cheese making, is utilized largely in the feeding of farm animals and this 
fact, in conjunction with the relatively low cost of manufacturing, tends 
to compensate for these losses. 

While the proportions of these constituents which are Tost in the whey 
are comparatively great, the retention efficiencies for fat, casein and 
vitamin A are relatively high, with the result that cheddar cheese is generally 
listed as an excellent source of these nutrients. However, no data appear 
to exist for calcium and phosphorus retention in Canadian cheese. Further¬ 
more, retention of the B-complex vitamins has not been a subject of ex¬ 
tensive study. 

It was for these reasons that this project was undertaken. In it, a 
study has been made of the proportions of the calcium, phosphorus and 
riboflavin which are lost in the whey and retained in the cheese when 
unpasteurized milk is manufactured into Canadian cheddar cheese. The 
stability of the riboflavin throughout a ripening period of twelve months 
has also been determined. In addition, data are presenied on milk and 
cheese obtained from four diflferent soil areas of Southern Ontario. A 
number of samples of cheese displaying flavour defects are also reported on. 

The study has been carried out as a co-operative project and joint 
contribution between the Ontaiio Agricultural College, Guelph, and the 
Department of Pediatrics, Hospital for Sick Children, University of 
Toronto. 

• Joint contribution from tlie Departments of Dairying and Chemistry, O.A.Cand the Department of 
Paediatrics. Hospital for Sick Children, Toronto. Determinations for fat and total solids were made in the 
Dairy Chemistry laboratory, O.A.C., while those for calcium, phosphorus and riboflavin were made at the 
Hospital for Sick Children. 

•* * Lecturer and Professor, respectively. Department of Dairying. 

• Associate Professor and Dairy Chemist, Department of Chemistry. 

• Research Assistant in Chemistry. 

^ Technical Assistants, Department of Paediatrics’ Research Laboiatories. 
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HISTORICAL 

McCammon, Caulfield and Kramer (9) have reported on the calcium 
and phosphorus contents of American cheddar cheese made under controlled 
conditions. Their values indicated that 80% of the calcium and 38% of 
the phosphorus originally present in the milk, were retained in the cheese. 
Approximately 85% of the phosphorus was accounted for by the protein. 
The method of manufacture influenced the retention of calcium in that 
increasing the acidity at rennetting resulted in increased losses of calcium 
in the whey. 

Mattick (11), reporting on English cheddar, found that 65-68% of 
the calcium and 51-60% of the phosphorus were retained. Practically the 
whole of the mineral loss took place at the time the whey was run. 

McDowall and Dolby (10) state that for New Zealand cheese, in 
normal operations 60% of the calcium and 57% of the phosphorus are 
retained. The mineral content of the whey increased steadily as the 
process of manufacture advanced except for a temporary fall after salting. 
Zahrndt, Lane and Hammer (18) studied the calcium, phosphorus and 
calcium/phosphorus ratios of a number of cheddar cheese samples from 
Iowa, Wisconsin and New York and concluded that differences in these 
values are only such as might be attributed to sampling variations. 

Studies on the vitamin content of cheese aside from some of the fat 
soluble vitamins, have been quite limited. In the case of the cheddar 
variety Houston and Kon (4) give a value of 310 fxg. of riboflavin per 100 
grams in a preliminary report while Munsell (12) found that American 
cheddar contained 545-600 fxg, per 100 grams. Day and Darby (3) were 
among the earlier workers to recommend American cheddar as a source of 
this vitamin. Sullivan, Bloom and Jarmol (16) found that variations in 
the riboflavin content of Limburger cheese during ripening, were less 
marked than for the other vitamins of the B group. 

EXPERIMENTAL 

In order to secure as reliable a picture as possible of the retention and 
losses of these nutrients in the cheese making process, the experimental 
program was extended over a full year, while an additional 12-month period 
was required to complete the ripening of the last batch of cheese. In 
addition a small number of samples was secured at different points in 
Ontario with a view to determining whether or not the regular experimental 
results were of the same order as those prevailing at coipmercial plants. 

The procedure in the main experiment consisted of manufacturing 
approximately 1200-1800 pounds of milk into cheddar cheese using the 
recognized commercial technique as commonly practiced for this variety. 
A vat was madlL up each month during the period May, 1942 to April, 1943. 
The resulting cheese from each batch were divided into two lots, one of 
which was ripened at 40® F. while the other was ripened at 58® F. Samples 
were taken at intervals until the cheese were one year old. 

The milk used in the study was secured from the College herd which 
consists of Holstein, Jersey and Ayrshire breeds. On one or two occasions 
it was necessary to supplement this supply with a small amount from an 
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outside source. All the milk was regularly of good quality. While experi¬ 
mental manufacturing operations extended over a year, every effort was 
made to maintain the greatest possible uniformity in manufacturing 
conditions. 

Two samples of the milk plus starter were secured in 8-oz. amber 
bottles after thorough mixing. Similar samples of the “first” whey and 
“press” whey were also secured. The term “first” whey, as used in this 
study, includes all the whey which drained from the curd during running 
and stirring as well as that which continued to drain from the curds until 
they were cut and turned the second time after piling. “Press” whey 
includes all the brine which drained from the curd after salting as well as 
that which was expressed from the cheese in the press up to the time of 
dressing the cheese. The weight of the first whey was estimated by 
measuring it in a calibrated cylindrical lank while the weight of the press 
whey was determined by weighing. 

The curds were pressed into Stilton-shaped cheese of approximately 
10 pound each. On the morning following manufacture, three of these 
were cut in halves, the resulting 5-lb. pieces being used for scoring. The 
procedure followed for sampling the cheese for analysis in this as well as 
for subsequent series, consisted of removing the outer rind plus an additional 
slice of cheese approximately 2 cm. thick from the end of a 10-pound 
cheese. A second slice was then taken of approximately the same thick¬ 
ness. This disc was then cut into wedges, two of which were wrapped in 
moisture-proof cellophane and forwarded to each of the laboratories for 
analysis. 

As soon after sampling as posvsible, the cut surfaces of the cheeses 
were re-paraffined, thus allowing the same cheese to serve as a source of 
material for subsequent sampling. The details of sampling and analysis 
on the milk, whey, and cheese are shown in Table 1. 

Table 1.—Schedule for sampling and analysis of mii.k, 'whey and cheese 


— 

Milk 

First Nvhi*y 

Press whey 

Fat 

X 

X 

X 

T.S. 

X 

X 

X 

Ca 

X 

X 

X 

P 

X 

X 

X 

Ribo 

X 

\ 

X 


Cheese (ripened at 40'' F. and 58^ F.) 


— 

Age—1 da. 

14 da. 

1 mo. 

2 mo. 

3 mo. 

4 mo. 

6 mo. 

8 mo. 

10 mo. 

12 mo. 

Fat 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

T.S. 

X 

X 

X 

X 

\ 

\ 

X 

X 

X 

-X 

Ca 

X 










P 

X 










Ribo j 

X 

X 

X 

X 

X 

X 

X 

1 

X 

X 

X 
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METHODS OF ANALYSIS 

Preparation of Sample for Total Solids and Fat Determinations 

Approximately 3 mm. was removed from the oqtside edge of the sample 
(sufficient to remove all the cheesecloth and a small portion of the rind). 
The sample was then passed through a food grinder, of the ordinary kitchen 
type, three times, and transferred to an air-tight, screw cap bottle. This 
procedure was completed as quickly as possible to insure a minimum loss 
of moisture. 

Total Solids Determination 

An aluminium dish 55 mm. in diameter and 15 mm. in depth, provided 
with a slip-in inverted cover fitting tightly on the inside was used. Two 
to three grams of the sample was weighed into the previously heated and 
weighed dish, covered tightly and reweighed. The lid and dish were then 
placed separately in a cool oven, heated to 100° C. and held at that tempera¬ 
ture for 24 hours. The cover was then replaced, and the dish cooled and 
weighed again. P2ach sample was done in duplicate. 

Fat Determination 

The standard Mojonnier procedure for fat determination on cheese 
was used throughout, and each sample was treated in duplicate. Approxi¬ 
mately one gram of the ground cheese was introduced into a previously 
weighed Mojonnier fat flask, stoppered tightly and reweighed. Eight ml. 
of hot water was added and the flask thoroughly shaken. Three ml. 
ammonia solution was then-added and the flask thoroughly shaken again. 
At this point it was necessary to make certain that all cheese was thoroughly 
dispersed. Then 10 ml. alcohol, 25 ml. ethyl ether and 25 ml. petroleum 
ether were added, shaking one-half minute after the addition of the alcohol, 
and 20 seconds after the .addition of the two ethers. The flasks were 
centrifuged for 30 turns in one-half minute. The ether layer was then 
poured off into a heated and weighed fat dish and evaporated to dryness. 
The second extraction was then carried out in the standard manner. This 
method for the determination of fat gives somewhat low results as compared 
with Official Methods (2). 

Calcium 

The samples were ashed at 550° C. under sodium carbonate. The 
ash was taken up in nitric acid, diluted to a definite volume and filtered. 
The calcium was determined in an aliquot of the filtrate by precipitation 
as calcium oxalate and titration with potassium permangante by the 
method of Kramer and Tisdall (7). 

Phosphorus 

An aliquot of the ash solution used for the calcium determination was 
evaporated with a small amount of concentrated sulphuric acid and heated 
until fuming to expel the nitric acid and hydrolyze any pyro-phosphates 
present. After dilution, the phosphorus was determined colorimetrically, 
using the Evelyn photo-electric-colorimeter. 
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Riboflavin 

The cheese sample was ground and a suitable aliquot was weighed out. 
This was mixed with 50 ml. of 0.1 N H Cl and autoclaved al 15 lb. steam 
pressure for ^ hour. After cooling, 1 ml. of 2.5 M sodium acetate was 
added and the pH adjusted to 6.8. It was filtered and the precipitate re- 
ektracted with 25 ml. of N/10 H Cl, cooled, the pH adjusted to 4.5 and 
filtered. The precipitate and filter were then washed with water several 
times and the combined extracts and washings adjusted to pH 6.8 and 
diluted to 200 ml. volume. 

The riboflavin in the extracts was determined by the Snell and Strong 
microbiological assay method, used without modification (15). 

Preparation of the extract in this way was found to eliminate interfer¬ 
ing fatty materials by entrapping them on the voluminous precipitate that 
formed at pH 4.5. Preliminary removal of the fats by ether extraction of 
the cheese did not affect the results. 

RESULTS 

As an indication of the methods followed in handling the curds in this 
study, Table 2 presents the pertinent values which were obtained in the 
cheesemaking process. 

Fable 2.—1)i*:tails of the cheese-making proci.ss 


Date of nifg. and 
lot number 

Starter 

Milk 

ripening 

period 

Setting 

acidity 

Set 
to run 

Running 

acidity 

Run. 
to salt 



% 

— min. 

% 

— min. 

% 

— min. 

26/5/42 

1 

1.0 

50 

0.195 

155 

0.18 

230 

29/6 

2 

1.0 

96 

0.185 

134 

0.185 

220 

27/7 

3 

l.O 

90 

0.18 

160 

0.18 

225 

26/8 

4 

1.0 

72 

0.185 

188 

0.185 

180 

30/9 

5 

1.25 

75 

0.19 

155 

0.18 

255 

20/10 

6 

1.50 

65 

0.19 

120 

0.19 

190 

19/11 

7 

1.25 

72 

0.185 

178 

0.20 

190 

15/12 

8 

1.0 

71 

0.19 

178 

0.18 

240 

18/1/43 

Q 

1.4 

94 

0.175 

201 

0.175 

190 

24/2 

10 

1.5 

85 

0.18 

170 

0.185 

185 

16/3 

11 

1.5 

80 

0.175 

160 

0.175 

225 

21/4 

12 

1.0 

115 

0.185 

160 

0.175 

205 


Rennet extract was used at a rate of fl. oz. per 1(K)0 lb. milk. 
Salt was jidded at a rate of 2.25 lb. per 1000 lb. milk. 


It will be observed that variations occurred in the amount of starter 
employed, in the setting and dipping acidities as well as in the lengths of 
times the curds were in the w'hey. These variations are to be expected 
over a full year and were necessary in order to secure good quality cheese. 


Retention of Calcium in Cheese 

In order to increase the clarity of this presentation, many of the data 
have been tabulated and are presented in an appendix. (Tables 10, 11 
and 12). The efficiency of the cheesemaking process as a means of retain¬ 
ing these nutrients, has been ascertained by calculating the percentage of 
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the nutrient originally present in the milk which is accounted for in <:he 
cheese. In the case of calcium these values are presented in Table 3. 


Table 3.—Losses and retentions of calcium in cheddar cheese-making 


Lot No. 

First whey 

Press whey 

Cheese 

Total 


% 

% 

% 

% 

1 

36.5 

0.68 

60.5 

97.7 

2 

43.5 

0.9 

57.5 

101.9 

3 

42.5 

1.0 

56.3 

99.8 

4 

— 

1.0 

65.0 

— 

5 

37.4 

1.35 

63.0 

101.75 

6 

35.9 

1.4 

60.3 

97.6 

7 

45.1 

1.0 

57.3 

103.4 

8 

36.8 

1.3 

65.0 

103.1 

9 

33.7 

1.0 

65.3 

100.0 

10 

34.5 

0.8 

59.0 

94.3 

11 

37.8 

0.8 

63.0 

101.6 

12 

36.6 

0.8 

63.0 

100.4 

Means 

38.1 

1.0 

61.3 

100.4 


The proportion of calcium retained in the cheese is quite consistent in 
these twelve trials. A comparison of these values with the cheesemaking 
record (Table 2) fails to indicate any close correlation between calcium 
losses and high acidities or ^‘fast working” curds. It may be assumed 
therefore, that the minor variations which commonly occur in cheddar 
cheesemaking technique from day to day or from factory to factory, are 
unlikely to alter the efficiency with which this element is retained in the 
cheese. No evidence of seasonal variation in retentions of calcium can be 
noted. 


Retention of Phosphorus 

Values on phosphorus retention have been calculated in a manner 
similar to those for calcium and are presented in Table 4. 


Table 4.—Losses and retentions of phosphorus in cheddar cheese-making 


Lot No. 

First whey 

Press whey 

Cheese 

Total 


. % 

% 

% 

% 

1 

53.6 

0.62 

52.5 ' 

106.7 

2 

48.1 

0.7 

51.0 

99.8 

3 

47.5 

0.7 

49.0 

97.2 

4 

43.5 

0.7 

54.8 

99.0 

5 

45.2 

0.9 

55.0 

101.1 

6 

^ 44.8 

1.0 

53.3 

99.1 

7 

48.5 

0.5 

50.0 

99.0 

8 

46.0 

1.0 . 

55.6 

102.6 

9 

40.0 

0.6 

57.0 

97.6 

10 

44.0 

0.7 

50.0 

94.7 

11 

44.9 

0.6 

51.7 

97.2 

12 

46.8 

0.6 

57.8 

105.2 

Means 

46.1 

0.72 

53.1 

99.9 
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* These values indicate that the proportion of phosphorus lost is greater 
than that for calcium. Coefficients of variation have not been calculated 
but they appear to be about equal for both sets of values. If a comparison 
of the above values is made with those of Table 3, it will be noted that in 
most instances, where losses of calcium are above the average, those of 
phosphorus are also. The same factors may, therefore, be assumed to 
affect the retention of both these minerals. 

Retention of Riboflavin 

Milk is an abundant source of riboflavin but the extent to which this 
vitamin is retained in other dairy products has not been fully established. 
The higher the rate of retention the more yaluable will be the product. In 
Table 5 will be found the proportions of this vitamin accounted for either 
in the first whey, press whey or in cheese one day old. Once again these 
values are presented as percentages of the amount originally present in the 
milk. 

Table 5.—Losses and retentions of riboflavin in cheddar cheese-making 


Lot No. 

First whey 

Press whey 

Cheese (1 day old) 

Total 


% 

% 

% 

% 

1 

65.0 

0.25 

24.0 

89.2 

2 

59.5 

0.3 

18.0 

77.8 

3 

57.2 

0.45 

20.0 

77.6 

4 

59.0 

0.4 

20.6 

80.0 

5 

68.0 

0.46 

25.0 

93.5 

6 

51.5 

0.6 

25.5 

77.6 

7 

66.0 

0.3 

20.5 

86 8 

8 

70.0 

0.5 

25.2 

95.7 

9 

76.0 

0.5 

32.0 

108.5 

10 

.76.0 

0.45 

23.6 

100.0 

11 

80.0 

0.5 

22.2 

102.7 

12 

57.0 

0.5 

23.0 

80.5 

Means 

65.4 

0.43 

23.3 

89.13 


In view of the fact that riboflavin is a water-soluble substance, an 
average rate of retention of 23.3% is better than might be anticipated. 
The range of values here is much greater than is the case for either of the 
minerals and there is no evidence to indicate that losses of minerals and 
vitamins might be correlated. Low retention rales may be due to higher 
than average losses in the whey or to destruction of this nutrient during 
manufacture. The possibility of finding ways of retaining a higher pro¬ 
portion of this substance in the chee e is therefore, something of a challenge. 
Some of the methods by which this might be achieved are dealt with in the 
discussion. 

THE STABILITY OF RIBOFLAVIN DURING RIPENING 

The study of changes in riboflavin content during ripening is com¬ 
plicated by the fact that the moisture content of cheese usually varies 
slightly from vat to vat and also that ‘"shrinkage,” due to evaporation of 
moisture from the cheese, goes on throughout the ripening period. In 
these experiments shrinkage was accelerated as a result of the fact that the 
cheese were small. Table 11 in the Appendix shows the values for fat and 
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total solids content for cheese ripened at the two temperatures. Figure* 1, 
which is a graph of the mean values for total solids at the two ripening 
temperatures should be of special interest to everyone concerned with 



0^1234 6 8 10 12 


AGE IN MONTHS 

Figure 1. Increase in total solids content of cheese as a result of evaporation 
during ripening. • 

cheese manufacture since it indicates that shrinkage is a problem throughout 
the whole of the ripening period. In the case of these cheese the rate of 
moisture loss is accentuated by the fact that the surface area was large in 
proportion to the weight of the cheese, and also by the fact that the relative 
humidity of the storages was not always maintained at a very high level. 

In order to correct for this shrinkage error which tends to distort the 
riboflavin results, these values have been calculated to a 35% moisture 
content basis. The minimum, maximum and mean values throughout 
the ripening period at the two temperatures used, are presented in Table 6 
and in graph form in Figure 2. 



041234 6 8 - 10 12 

AGE IN MONTHS 

Figure 2. Variations in riboflavin content of cheese during ripening. Average 
of 12 lots. 
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• Table 6.—Stability of riboflavin during ripening* 


Ripening temperature—40° F. 



1 

14 da. 

1 

2 j 

3 

4 

6 

8 

10 

12 mo. 

Min. 

390 

374 

367 

364 

380 

413 

408 

420 

444 

429 

Max. 

585 

483 

468 

470 

485 

492 

487 

496 

530 

540 

Mean 

468 

434 

434 

428 

444 

444 

451 

457 

467 

477 


Ripening temperature—58° F. 

Min. 

390 

393 

332 

365 

391 

391 

428 j 

403 

437 

432 

Max. 

585 

474 

463 

461 

479 

468 

470 

459 

513 

515 

Mean 

468 

434 

420 

424 

435 

431 

442 

440 

464 

465 


• The results presented are the minimum, muximurn and mean values on 12 lots in micrograms per 100 g. 
of 35% moisture cheese. 


From an examination of the data in Table 6, it is quite evident that 
the riboflavin content of cheese is not adversely affected, even after extended 
periods of ripening at relatively high temperatures. The range of values 
is narrow and it may therefore be concluded that any sample of cheese 
which has been manufactured under similar conditions could be expected 
to be an equally good source of this vitamin. 

It will be noted that from the beginning of ripening until the second 
month, a diminution in riboflavin values takes place, after which a gradual 
increase occurs until at the end of the 12-month period values slightly in 
excess of the original ones prevail. This fluctuation is more pronounced at 
the higher ripening temperature. The factors which produce these varia¬ 
tions are not known but some of the probable causes are discussed below. 

THE EFFECT OF DIFFERENT SOIL TYPES ON CALCIUM, PHOSPHORUS AND 
RIBOFLAVIN CONTENT OF MILK, AND THE 
CHEESE MANUFACTURED FROM IT 

In order to ascertain whether the results of the main experiment were 
in accord with results which might be secured at commercial factories, it 
was decided to obtain samples of milk and cheese at factories in different 
parts of the province, and carry out similar analyses to those reported 
above. This also afforded an opportunity to select areas which were 
representative of different soil types and thus determine whether soil might 
be a factor in influencing the mineral relationships of the milk. The 
localities listed below were suggested by Prof. F. F. Morwick of the O.A.C. 
Soils Division as being good examples of the soil types desired. Arrange¬ 
ments were therefore made to visit these plants and obtain samples. Visits 
were made during June and again during September of 1942. 

At each factory a vat of milk was selected and samples of the milk 
plus starter were taken just before rennetting. Whey samples were secured 
at the running stage. When the curds were ready for pressing, two 10- 
pound hoops were filled from the vat and pressed into cheese. The milk 
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and whey samples were chilled and dispatched to the laboratories whfle 
samples of cheese were forwarded on the following day. The two cheeses 
were then expressed to Guelph where they were held for six months at 
40° F. Samples of these were assayed for riboflavin at one and 14 days 
and at 6 months. The results of the study are presented in Table 7. 

Table 7.—Effect of locality on calcium, phosphorus and riboflavin 

CONTENT of MILK AND THE CHEESE MANUFACTURED FROM IT 


Factory 

County 

Soil characteristics 

Date 

Fat 

Milk 

T.S. 

Ca 

1 P 

Ribo. 

1 





% 

% 

(mg. %) 

(M«. per 











100 g.) 

1223 

Oxford 

P deficient; fair lime 

June 

3.09 

11.38 

_ 

_ 

205 

Homestead 




Sept. 

3.08 

11.28 

111 

70 

196 

239 

Peterborough 

High lime; fair total 

June 

_ 


_ 

125 

95 

199 

Selwyn 


P but low 

’ avail- 










able P 


Sept. 

3.45 

12.01 

123 

82 

192 

943 

Carleton 

Suitable Ca/P bal- 

June 

3.21 

11 

.53 

118 

86 

204 

Marvelville 


ance; good fertility 

Sept. 

3.11 

11.53 

114 

76 

212 

632 

Russell 

Acid soil area 

June 

3.51 

12.32 

117 

84 

187 

Milbrook 



1 

Sept. 

3.52 

12.07 

114 

70 

207 



Cheese 

Factory 

Date 




1 


Riboflavin 








(jUg. per 100 g. of 35% moisture cheese) 



(mg. 

%) 


1 da. 

14 da. 

6 mo. 

1223 

June 

— 



— 



439 


527 


Sept. 

676 

440 

430 



482 


484 

239 

June 

820 

508 

408 



392 


_ 


Sept. 

616 

432 

446 



452 


462 

943 

June 

640 

424 

418 



393 


520 


Sept. 

624 

414 

466 



466 


495 

632 j 

June 

724 

424 

473 



395 


452 


Sept. 

632 

404 

470 



436 


482 


These results are of much the same order as those found in the main 
experiment. Because of their confirmatory character they strengthen the 
evidence that minor variations in cheese making methods or in milk supplies 
are not likely to affect markedly the nutritive value of cheese in respect to 
minerals or riboflavin. 


CALCIUM, PHOSPHORUS AND RIBOFLAVIN IN CHEESE POSSESSING 
DEFECTIVE FLAVOURS 


It was thought possible that cheese of poor flavour qi^ality might 
display abnormal values for these nutrients either because of undesirable 
fermentations in the process or for some other cause. Through the kind¬ 
ness of the dairy produce graders of the Dominion Department of Agricul- 
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ti/re, a number of second and third grade samples were secured. An equal 
number of first grade samples were also sent along to serve as controls. 
The results are presented in Table 8. Except for the one sample of “not 
clean** cheese, the results are averages of several samples. 

Table 8.—Calcium, phosphorus and riboflavin in flavour defective cheese 

COMPARED WITH THOSE OF FIRST GRADE FLAVOUR 


Flavour 

No. of samples 

Ca 

P 

Riboflavin 
/ig./lOO g. 



mg. % 

mg. % 


Off 

3 

527 

467 

448 

l^ancid 

4 

555 

414 

464 

Fruity 

4 

608 

428 

451 

Not clean 

1 

476 

412 

472 

First grade 

12 

561 

420 

462 


In the case of the mineral results, the individual values from which 
these averages were calculated displayed a greater variation than did the 
results in the controlled experiment. This was true of the results from both 
defective and first grade samples. It will be noted from the averages, 
however, that, except for the one “not clean** sample, these values do not 
vary markedly from the first grade controls. With regard to riboflavin, it 
is apparent that the factors causing defective flavour do not affect adversely 
the retention of this vitamin. 

DISCUSSION 

The results of the cheese analyses for mineral content reported in this 
paper, are far from being in agreement with those of McCammon, Caulfield 
and Kramer (9), who reported retentions of 80% for calcium and 38% for 
phosphorus. In the present study the fact that it has been possible to 
account for almost all the minerals, either in the whey or cheese, increases 
our confidence in the methods of analysis which were used. The retention 
of phosphorus would appear to be particularly low in the above-mentioned 
study in view of the fact that much of the phosphorus of milk is present as 
a constituent of casein. On the other hand the values here reported are in 
close agreement with those of Mattick (11). 

Confirmatory evidence is furnished in this study that the riboflavin 
content of milk is not affected by season or by shifts from pasture to stable 
feeding or vice versa. This is now the accepted view (5, 6), although the 
claim has been made by others (1, 17,) that the riboflavin content of milk 
can be increased from 50 to 75% by increasing this factor in the ration. 

Houston and Kon (4) have commented on the fact that retentions of 
riboflavin in English cheeses are about five times greater than can be 
accounted for on the basis of this vitamin*s water solubility. This may 
result from the fact that a part of the riboflavin in milk is known to be 
present as riboflavin-protein complexes. Kuhn and Kaltschmitt (8) note 
that 10% of this vitamin in milk is in an undialysable form. Sharp (13) 
has stated that this flavoprotein (probably Schardinger enzyme or xanthine 
oxidase) is closely adsorbed on the fat globule. He (with Hand) has also 
stated (14) that the proportion of riboflavin adsorbed can be maintained at 
a maximum by methods which involved temperature changes. 
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One feature of the riboflavin picture which should receive further 
study is the seasonal variation in the unaccountable loss of riboflavin during 
manufacture. Table S above contains the percentages of riboflavin either 
lost in the wheys or recovered in the cheese in the twelve trials. The totals 
of these values have been arranged in two groups in Table 9. 

Table 9.—Losses of Riboflavin during manufacture at different seasons 

OF THE year 


Total recovery of riboflavin in wheys and cheese 
as percentage of original in milk 


Winter months 

Summer months 


% 


% 

Nov. 

86.8 

May 

89.2 

Dec. 

95.7 

June 

77.8 

Jan. 

108.5 

July 

77.6 

Feb. 

100.0 

Aug. 

80.0 

Mar. 

102.7 

Sept. 

93.5 

Apr. 

80.5 

Oct. 

77.6 

Mean 

95.7 

82.6 

Loss not accounted for 4.3 

17.4 


It is suggested that the loss may be due to the destruction of this 
vitamin by light, the much higher loss during the summer months being 
the result of greater light intensity during that period. This explanation 
seems plausible since the laboratory in which the cheese were made is a 
well-lighted one and is not shaded by trees during the summer. It is 
planned to study the possible effect of light in a later project. 

SUMMARY 

A study has been made of the losses and retentions of calcium, phos¬ 
phorus, and riboflavin in Canadian cheddar cheese made from raw milk. 
The effect of ripening the cheese for 12 months on the stability of riboflavin 
was also studied. 

Of the original calcium present in the milk, about 61% was retained 
in the cheese. Of the original phosphorus, about 53% was accounted for 
in the cheese. These values were subject to small variations but did not 
vary with season, nor could they be correlated with lAinor changes in 
cheesemaking methods. The losses were almost entirely accounted for in 
the whey removed during running and stirring. 

About 23%^f the riboflavin originally present in the milk was retained 
in the cheese, ihe variations in this case were of somewhat greater pro¬ 
portions. Riboflavin appeared to be stable throughout a ripening period 
of 12 months both at temperatures of 40° and 58° F. There was an 
apparent diminution during the first two months but this was followed by 
an equal increase during the final months of ripening. 



August, 19451 


IRVINE ET AL.—NUTRIENTS IN CHEESE. 


829 


A small number of samples of milk and cheese were secured from 
factories in the province which represented varying: soil types. Soil does 
not appear to be a significant factor affecting mineral retention in cheese. 
Riboflavin values were similar to those in the main experiment. 

The calcium, phosphorus and riboflavin contents of cheese of defective 
flavour appear to be essentially the same as those of first grade cheese. 
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Table 10.—Ca, P, and riboflavin in milk, first whey, 

PRESS WHEY AND ONE-DAY OLD CHEESE 


Lot 

Milk 

First whey 

G No. 

Fat 

T.S. 

Ca 

P 

Ribo. 

Yield 

Fat 

T.S. 

Ca 

P 

Ribo. 


* 

* 




* 

•* 


* 

* 

« 


** 

*** 

1 

4.26 

H 

1 

134.0 

90 

194 

88.0 

0.39 

7.05 

55.3 

55 

144 

2 

3.73 

mm 

1 

123.5 

85 

207 

92.2 

0.32 

6.92 

58.0 

44 

132 

3 

3.78 


1 

125.5 

88 

194 

87.9 

0.36 

6.93 

60.8 

47.5 

126 

4 

4.66 

■Qgj 

1 

120.0 

90 

207 

87.2 

0.37 

6.97 

69.0 

45 

180 

5 

3.95 


1 

118.5 

85 

202 

85.8 

0.35 

7.06 

50.8 

44 

158 

6 



1 

128.5 

87 

193 

87.4 

0.39 

6.77 

52.0 

43.8 

112 

7 

3.83 

12.57 


105.5 

81 

218 

86.7 

0.41 

7.00 

54.5 

45 

165 

8 

3.96 

12.93 


124.5 

89 

212 

90.0 

0.38 

6.98 

49.5 

44.5 

160 

9 

3.81 

12.51 


119.0 

82 

180 

86.3 

0.38 

7.00 

46.8 

38 

159 

10 

3.95 

12.73 


134.0 

87 

198 

85.3 

0.45 

7.09 

54.3 

45 

177 

11 

3.39 

12.03 


125.0 

83 

199 

88.3 

0.34 

6.89 

53.5 

42 

180 

12 

3,97 

12.66 


121.5 

80 

204 

86.8 

0.36 

6.99 

51.5 

43 

133 





Press whey 




Cheese (1 day old) 



Lot 





























No. 

Yield 

Fat 


T.S. 

Ca 

P 

Ribo. 

Yield 

Fat 

T.S. 

Ca 

P 

Ribo. 


• 

* 



• 

«t* 

** 

**• 

* 

* 

* 

** 

•* 

*** 

1 

0.42 

1.20 


15.7 

215 

132 

126 

10.28 

37.4 

67.3 

782 

462 

452 

2 

0.44 

2.47 


20.0 

248 

130 

137 

9.37 

35.1 

66.1 

756 

460 

396 

3 

0.54 

4.45 


21.1 

225 

118 

161 

9.08 

34.8 

65.8 

728 

444 

401 

4 

0.52 

2.72 


18.8 

225 

126 

159 

9.74 

33.2 

65.3 

800 

508 

440 

5 

0.53 

1.50 


16.7 

301 

146 

176 

9.98 

35.5 

66.2 

736 

460 

497 

6 

0.56 

3,39 


19.1 

297 

148 

188 

10.36 

34.5 

66.0 

740 

440 

468 

7 

0.38 

4.78 


19.5 

258 

139 

184 

9.45 

35.2 

66.5 

632 

424 

468 

8 

0.60 

1.51 


16.1 

273 

148 

198 

9.88 

35.85 

67.1 

824 

500 

538 

9 

0.51 

2.31 


18.0 

213 

104 

192 

9.62 

35.3 

66.7 

808 

480 

600 

10 

0.47 

1.34 


19,6 

217 

123 


9.54 

35.3 

65.9 

828 

452 

490 

11 

0.53 

1.98 


21.2 

190 

97 

194 

8.93 

33.9 

65.8 

876 

480 

497 

12 

0.59 

1.43 


17.5 

161 

87 

175 

9.87 

36.6 

66.9 

776 

468 

475 


In percent. 


•• In mg. % 


In micrograms per 100 g. 
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Table 11.—Changes in fat and total solids content of cheese during ripening 

Values in per cent. 


No. --;-:-;-:-^---;- 



Age—mo. 

i 

1 

2 

3 

4 

6 

8 

10 

12 

1 

Fat 

T.S. 

38.2 

69.1 

38.3 

68.8 

38.2 

68.6 

38.5 

68.8 

38.7 

70.2 

39.9 

71.4 

39.9 

72.1 

39.5 

72.2 

39.2 

71.2 

2 

Fat 

T.S. 

35.6 

66.3 

36.2 

66.9 

35.8 

66.8 

36.3 

67.8 

36.5 

68.1 

36.6 

68.2 

36.8 

69.1 

36.9 

69.2 

37.3 

69.5 

3 

Fat 

T.S. 

35.2 

65.8 

35.1 

66.2 

35.6 

69.6 

35.9 

67.6 

35.8 

67.8 

36.3 

69.6 

35.7 

69.1 

36.0 

68.5 

36.1 

68.8 

4 

Fat 

T.S. 

33.9 

65.9 

35.5 

66.7 

34.4 

66.4 

34.6 

66.7 

34.5 

66.8 

35.8 

69.7 

36.3 

71.1 

36.2 

70.8 

35.6 

69.6 

5 

Fat 

T.S. 

35.7 

66.8 

36.2 

67.2 

36.4 

67.6 

36.6 

68.4 

37.4 

69.9 

36.9 

69.4 

36.5 

68.3 

37.1 

1 70.4 

37.2 

70.1 

6 

Fat 

T.S. 

35.4 

66.4 

35.4 

66.8 

35.6 

67.5 

35.6 

67.9 

36.2 

69.0 

36.2 

68.8 

35.6 

67.8 

35.9 

68.6 

36.6 

70.0 

7 

Fat 

T.S. 

36.1 

68.2 

36.0 

67.3 

36.1 

68.0 

36.3 

68.2 

36.8 

70.0 

36.9 

70.0 

36.9 

69.9 

— 

37.0 

69.6 

8 

Fat 

T.S. 

.36.S 
68.6 

36.4 

68.5 

36.8 

69.0 

36.4 

68.9 

37.0 

69.2 

36.5 

69.2 

37.3 

70.2 

39.0 

73.2 

39.9 

72.5 

9 

Fat 

T.S. 

36.0 

68.2 

36.4 

69.0 

36.2 

68.5 

36.3 

68.6 

36.2 

68.5 

36.3 

68.4 

36.4 

69.1 

36 6 
69.3 

38.4 

73.1 

10 

Fat 

T.S. 

35.7 

67.0 

36.3 

67.7 

36.2 

67.2 

36.4 

67.3 

36.5 

68.0 

36.4 

68.4 

36.5 

68.0 

38.4 

72.3 

38.2 
70 7 

11 

Fat 

T.S. 

34.1 

66.4 

34.5 

66.6 

34.1 

66.1 

34.2 

66.4 

34.4 

67.0 

34.2 

66.6 

34.5 

66.5 

39.0 

72.8 

36.2 

72.4 

12 

Fat 

T.S. 

37.2 
67.9 

37.5 

68.7 

37.4 

68.6 

37.5 

67.6 

37.9 

69.2 

38.3 

69.7 

38 3 
69.7 

38.2 i 
69.8 1 

38.6 

71.2 


1 58° F. 

No. 

Age—mo. 


1 

2 

3 

4 

6 

8 

10 

12 

1 

Fat 

T.S. 


38.6 

69.5 

38.6 

69.3 

38.8 

69.7 

39.5 

71.6 

39.7 

71.7 

39.6 

71.7 

39.5 

72.6 

41.1 

75.6 

2 

Fat 

T..S. 

35.7 

66.6 

36.2 

67.2 

36.4 

67.9 

37.5 
69 7 

36.9 

69.1 

37.1 

69.5 

38.9 

73.6 

38.1 

71.5 

37.6 

70.9 

3 

Fat 

T.S. 

35.1 

66.3 

35.5 

66.7 

35.8 

67.9 

36.2 

68.2 

35.8 

67.4 

36.9 

70.2 

36.0 

69.1 

37.0 

70.6 

36.9 

70.9 

4 

Fat 

T.S. 

33.9 

66.1 

34.3 

66.6 

35.6 

67.0 

34.7 

67.4 

35.4 

68.8 

36.4 

71.9 

35.4 

69.5 

36.0 

71.3 

35.7 

71.3 

5 

Fat 

T.S. 

35.9 

67.4 

36.4 

67.7 

36.7 

68-3 

36.7 

69.0 

38.1 

72.2 

37.9 

71.6 

37.5 

70.4 

37.3’ 

71.0 

37.4 

70.9 

6 

Fat 

T.S. 

35.7 

67.2 

.35.4 

67.4 

35.6 

68.9 

36.9 

70.1 

36.3 

69.6 

36.2 

69.3 

37.3 

72.0 

36.5 

70.2 

37.1 

71.6 

7 

Fat 

T.S. 

35.8 

68.2 

35.9 

68.1 

36.2 
68 3 

36.7 
69 3 

36.4 

69.8” 

37.0 

69.8 

37 9 
71.9 

— 

39.3 

74.9 

8 

Fat 

T.S. 

36.8 

69.1 

36.4 
. 68.4 

36.8 

69.3 

37.1 

70.0 

36.8 

70.4 

38.8 

73.2 

38.3 

72.8 

38.2 

72.3 

38.5 

73.0 

9 

Fat 

T.S. 

36.0 

68.4 

36.6 

69.1 

36.4 

68.8 

36.5 

68.9 

36.6 

69.3 

36.7 

70.2 

37.0 

70.6 

37.2 

70.8 

39.2 

75.1 

10 

Fat 

T.S. 

36.1 

67.8 

36.7 

68.6 

36.1 

67.8 

35.9 

67.3 

37.8 

71.3 

37.1 
69.6 

36.9 

68.9 

38.8 

73.3 

39.3 

73.7 

11 

Fat 

T.S. 

34.6 

66.8 

34.5 

66.6 

34.0 

66.4 

34.1 

66.5 

34.6 

67.4 

34.4 

67.4 

34.8 

67.4 

36.6 

67.8 

37.4 

73.0 

12 

Fat 

T.S. 

37.1 

68.4 

37.1 

69.1 

37.6 

69.3 

37.7 1 

67.7 1 

37.7 
69.4 

38.7 

71.3 

38.6 

71.2 

39.2 

71.4 

40.8 

74.7 
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Table 12.—Changes in riboflavin content of cheese during ripening 


Micrograms per 100 g. of cheese 


Lot 




40 

F. 





No. 

Age—mo. i 

1 

2 

3 

4 

6 

8 

10 ! 

12 

1 

397 

388 

386 

401 

448 

449 

477 

497 

510 

2 

389 

393 

393 

456 

444 

468 

493 

472 

513 

3 

417 

420 

458 

424 

430 

478 

489 

478 1 

563 

4 

471 

451 

456 

478 

478 

498 

460 

506 

542 

5 

— 

434 

443 

477 

489 

490 

495 

491 

486 

6 

436 ’ 

471 

470 

487 

483 

472 

518 

506 

561 

7 

460 

466 

440 

480 

485 

493 

473 

— 

577 

8 

497 

490 

477 

480 

468 

519 

510 

561 

551 

9 

482 

470 

449 

436 

468 

458 

490 

543 

482 

10 

497 

486 

480 

490 

514 

461 

'448 

589 

4^ 

11 

470 

460 

478 

495 

450 

480 

488 

456 

496 

12 

430 

475 

436 

451 

468 

494 

490 

482 

509 


58° F. 

1 

391 

318 

361 

377 

432 

1 

480 1 

469 


509 

2 

403 

352 

381 

447 

448 

459 

482 

486 

509 

3 

413 

399 

458 

431 ! 

417 

466 

485 

481 

562 

4 

460 

435 

461 

469 i 

471 

483 

430 

509 

546 

5 

— 

396 

429 

468 1 

471 

492 

491 

490 

494 

6 

435 

469 

461 

487 

475 

464 

509 

519 

535 

7 

441 

473 

445 

478 

475 

490 

474 

— 

571 

8 

492 

487 

475 

469 

467 

509 

517 

545 

545 

9 

467 

469 

451 

436 

445 

470 

476 

530 

500 

10 1 

495 

489 

479 

479 

513 

468 

445 

580 

493 

n ' 

466 

462 

471 

490 

454 

487 

476 

462 

494 

12 

427 

474 

438 

445 

485 

484 

502 

480 

507 





THE RETENTION OF NUTRIENTS IN CHEESE MAKING 
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In a previous publication (8) the efficiency of the cheddar cheese 
manufacturing process was reported on with respect to the retention of 
calcium, phosphorus and riboflavin. In that study raw milk was used 
exclusively. In view of the fact that pasteurization of cheese factory 
milk supplies is practised in some countries and is advocated by many 
public health authorities, it seemed advisable to determine whether 
pasteurisation would affect the retention of these nutrients. A study has 
therefore been carried out comparing raw milk with milks pasteurized by 
the conventional holder method and by the high-temperature short-time 
method with regard to the effect of these heat-treatments upon nutrient 
retentions. The experiment was so designed that the effect of these 
methods of pasteurization could be compared with each other and with a 
raw milk control. Trials were run at intervals of two months during the 
period from May, 1942 to April, 1943. As in the previous study, cheeses 
from each vat were ripened at two temperatures, 40° F. and 58° F. Ripen¬ 
ing was continued for only six months in this case, however. 

HISTORICAL 

It is the intention of the authors to report on the effect of these two 
methods of pasteurization upon the yield and quality of cheese in a later 
paper. For that reason much of the literature relating to the effect of 
pasteurization upon cheddar cheevse will not be reviewed here. 

The effect of two different methods of pasteurization of the milk upon 
the mineral content of cheddar cheCvSe has been investigated by Moir (12). 
Pasteurization yielded cheese of reduced calcium and phosphorus content 
and altered Ca./P ratio. In these studies, however, abnormal acidities 
during manufacture appear to have influenced mineral retentions. In 
their studies on pasteurized milk cheddar cheese, Dolby, McDowall and 
McDowell (2) secured mineral retentions similar to those reported by us 
(8) for raw milk cheddar cheese. 

Holland and Dahlberg (4) ha\ • studied the effect of time and tempera¬ 
ture upon some of the properties of milk. Their observations on the effect of 
heat treatment upon rennet cocigulability and changes in the calcium 

* Joint contribution from the Departments of DairyiiiR and Chemistry. O.A.C. and Department of 
Pediatrics, Hospital for Sick Children, Toronto. Determinations for fat and total solids were made in the 
Dairy Chemistry Laboratory, O.A.C., while those for calcium, phosphorus and riboflavin were made at the 
Hospital for Sick Children. 

2; < Lecturer and Professor, respectively. Dairy Department. 

• Associate Professor and Dairy Chemist, Chemistry Department. 

* Research Assistant in Chemistry. 

• Technical Assistants, Department of Paediatrics’ Research Laboratories. 
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phosphate are of interest here. Their data show that with holding periods 
of 10 minutes or more, the range between 160® and 180® F. is the critical 
one. They were unable to discern any change in the relative proportions 
of CaHP04 and Ca3(P04)2 brought about by heating at normal pasteurizing 
time temperature combinations or at temperatures up to 165® F. for periods 
up to 5 minutes. Mattick and Hallet (11) found no reduction in the 
amount of diffusible phosphorus at temperatures below 175® F. with a 
30-minute holding period. They did observe, however, that with this 
holding time, temperatures above 125® F. produced a marked reduction 
in the diffusibility of the calcium salts. 

As a result of their investigations Magee and Harvey (10) suggest 
that calcium salts in milk are changed from a soluble to a colloidal form 
by heat. 

Holmes et al (5) and Houston, Kon and Thompson (7) have studied 
the effect of pasteurization of milk upon riboflavin stability and both agree 
that losses are negligible. The riboflavin in milk was found to be thermo¬ 
stable even at sterilizing temperatures by Henry and Kon (3)* and by 
Houston, Kon and Thompson (7). 

EXPERIMENTAL 

This study was carried out by using split batches of milk, six experi¬ 
ments being run. In order that they might not be influenced by seasonal 
conditions and that the analyses could be staggered, an interval of two 
months was allowed between each experiment. 

On each of these occasions, approximately 1800 pounds of milk was 
secured from the College herd and after being thoroughly mixed was 
divided into three equal lots. The first of these served as a raw control 
and was manufactured into cheddar cheese following the method previously 
mentioned (8). The second lot was pasteurized by the holder method at 
143® F. for 30 minutes after which it was cooled to between 50-70® F. in 
the cooling section of an A.P.V. regenerative pasteurizer. An 80-gallon 
stainless steel Cherry-Burrell vat was employed for heating and holding 
this milk, care being taken to avoid excessively fast heating or overheating 
in this operation. 

The third lot of milk was pasteurized by passing it through a 250-gallon 
per-hour A.P.V. regenerative pasteurizer, heating to 161® F. and holding 
for 16 seconds. Here again the milk was cooled to between 50-70® F. 
The cheese making process was begun with both types of pasteurized milk 
immediately after pasteurization. Samples of milk plus starter were taken 
before rennetting from each of the vats. While slight modifications have 
to be made in the method of manufacture when pasteurized milk is used, 
the method fqyjjjjwed in this study was very similar to that for the parallel 
vats of raw milk cheese. 

Samples of *‘first” whey and “press” whey were again taken, all the 
wheys being collected separately, and in this case weighed. The same 
procedure was also followed in taking the cheese samples except that the 
number was reduced and the ripening period was restricted to six months. 
The schedules of samplings for each series of vats is given in Table 1. 
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Jable'1.—Schedule for sampling and analyses of milk, whey and cheese 


Analysis 


Fat 

T.S. 

Ca. 

P. 

Ribo. 


Milk 


Raw 1 Hold 


X 

X 

X 

X 

X 


X 

X 

X 


H.S. 


X 

X 

X 


First whey 


Raw I Hold I H.S 


X 

X 

X 

X 

X 


X 

X 

>: 

X 

X 


X 

X 

X 

X 

X 


Press whey 


Raw I Hold I H.S, 


X 

X 

X 

X 

X 


X 

X 

X 

X 

X 


X 

X 

X 

X 

X 


Cheese (Raw, Hold and H-S) 


Analysis 

Age—1 da. 

14 da. 

1 3 mo. 

6 mo. 

Temp.—40 58 

40 58 

00 

o 

1 

1 

40 58 

Fat 

X 

X 

X 

X 

T.S. 

X 

X 

X 

X 

Ca. 

X 




P- 

X 




Ribo. 

X X 

X X 

X X 

X X 


The methods of analysis employed in the project previously reported 
(8) were again used in this study. 

RESULTS 

In view of the possibility of certain variations in manufacturing 
technique exerting some effect upon the results obtained, especially on the 
retention of minerals, such values as the rates of starter, rennetting acidities, 
etc. were carefully recorded. These are shown in Table 2. 


Table 2.—Details of the cheese making process 


Series 

Date 

T reat- 

ment 

Starter 

Milk 

ripening 

period 

Setting 

acidity 

Set to run 

Running 

acidity 

Run to salt 

Rate of salt 
Ib./lOOO lb. 
milk 




% 

min. 

% 

min. 

% 

min. 

milk 



Raw 

1.0 

75 

0.20 

180 

0.180 

185 

2.5 

Pi 

28/5/42 

Hold 

1.0 

91 

0.19 

194 

0.165 

180 

2.5 



H-S 

1.0 

89 

0.195 

186 

1.165 

190 

2.5 



Raw 

1.0 

72 

0.18 

205 

0.175 

120 

2.25 

Pa 

28/7 

Hold 

1.0 

70 

0.17 

190 

0.175 

185 

2.25 



H-S 

1.0 

70 

0.18 

210 

0.18 

195 

2.25 



Raw 

1.2 

59 

0.185 

191 

0.18 

205 

2.37 

Pa 

28/9 

Hold 

1.2 

45 

0.175 

180 

0.17 

180 

2.37 



H-S 

1.2 

61 

0.175 

170 

0.17 

195 

2.37 



Raw 

1.6 

90 

0.18 

160 

0.185 

175 

2.25 

Pa 

25/11 

Hold 

1.6 

30 

0.18 

180 

0.175 

190 

2.25 



H-S 

1.6 

55 

0.17 

165 

0.17 

180 

2.25 



Raw 

1.2 

70 

0.185 

215 

0.19 

— 

2.25 

Ps 

25/1/43 

Hold 

1.2 

70 

0 165 

200 

0.165 

— 

2.25 



H-S 

1.2 

70 

0.175 

190 

0.165 

— 

2.25 



Raw 

1.0 

46 

0.18 

226 

0 185 

180 

2.25 

Pa 

25/3 

Hold 

1.0 

42 

0.175 

168 

0.165 

170 

2.25 



H-S 

1.0 

49 

0.18 

171 

1.165 

180 

2.25 


Rennet extract was added at rate 3 fl. oz. per 1000 lb. of milk. 
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It will be noted that a lower running acidity was usually employed 
for the pasteurized milk vats. This is commonly the practice since it is 
possible to carry out the manufacturing process at lower acidity values. 
In addition, the titratable acidity of the milk is reduced slightly in pasteuri¬ 
zation, particularly when the holder method is used. 

Retention of Nutrients 

Tables 9 and 10 in the Appendix show the data for fat, total solids, 
yield, calcium, phosphorus and riboflavin for each lot of milk plus starter, 
^‘first” whey, “press” whey and cheese. Table 11 gives the riboflavin values 
on the cheese throughout the ripening period and at the two temperatures. 

Assessing the efficiency with which these nutrients are retained in the 
cheese has been done by expressing the proportion of the nutrient retained 
as a percentage of the amount originally present in the milk. 


Calcium 


The percentage values for the retention of calcium are presented below 
in Table 3 and in Figure 1. 

80 r ■ 

^ HOLD 



12 3 4 5 6 

EXPERIMENT NUMBER 

Figure 1. Effect of different heat treatments upon the efficiency of retention 
of calcium in cheese. 


Table 3.—Percentage of total calcium retained in cheese 



Treatment of milk 


Raw 

Holder 

High-Short 

62.70 

66.80 

60.53 

60.64 

61.38 

61.19 

61.12 

63.02 

57.80 

68.44 

75.81 

66.28 

62.38 

50.91 

56.70 

62.55 

57.27 

67.21 


Mean | 62,91 | 62.53 I 61.62 

















% OF TOTAL P RETAINED 
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•• It IS quite apparent from these results that any difference produced 
by heat treatment of the milk upon the retention of calcium in the cheese 
is of no great significance. In general, the retention values are much more 
uniform for the raw milk curds than for those made from pasteurized milk. 

A careful study of the values for calcium losses in the wheys as pre¬ 
sented in the Appendix, will reveal that the sum of the calcium present in 
the whey plus that retained in the cheese is, in some instances, greater than 
the total amount originally present in the milk. In some instances also, 
the values obtained for the pasteurized milks are greater than for the 
corresponding raw milks. Errors of this character are not apparent in 
the case of fat, total solids, phosphorus or riboflavin. It must therefore 
be concluded that the method employed for the determination of calcium 
was less accurate than it should have been. 

Phosphorus 

Results for the retention of phosphorus have been compiled in a similar 
manner and are presented in Table 4 and Figure 2. 


■ RA^ 
^ HOLD 



2 3 4 5 6 

EXPERIMENT NUMBER 


Figure 2. Effect of different heat treatments upon the efficiency of retention 
of phosphorus in cheese. 

Table 4.—Percentage of total phosphorus retained in cheese 



1 Treatment of milk 

Raw 

Holder 

High-Short 

51.90 

55.90 

52.32 

48.35 

51.81 

50.54 

56.16 

53.61 

52.63 

54.31 

60.88 

60.18 

53.71 

59.66 

57.50 

54.40 

59.94 

59.57 

53.14 

56.97 

55.46 
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With the exception of one series, Ps, the pasteurized milk cheese display 
a consistently higher rate of phosphorus retention. In view of this con¬ 
sistency it seems apparent that this result is a significant one. 

Rtbojlavin 

Special interest is attached to the retention of riboflavin in cheese 
making and also to any influence which pasteurization may have on these 
values. 

The effect of pasteurization upon the destruction of this vitamin has 
been studied on several occasions. Reference to Table 9 will reveal the 
extent to which this vitamin was affected by heating in each trial. These 
results are summarized in Table 5. 


Table 5.—Effect of pasteurization on the destruction of riboflavin in milk 

(/ig./lOO g.) 



Treatment of milk 

• 

Raw 

Holder 

High-Short 

Means of 6 trials 

201.8 

197.3 

198.8 


The differences between these means are very small and are typical of 
the results that have been reported by Holmes et al. (5). All three values, 
however, appear to be higher than those appearing in a recent compilation 
by Booher, Hartzler and Hewston (1). 

The losses and retentions of riboflavin are set forth in Table 9. The 
efficiency with which the riboflavin was carried over into the one-day-old 
cheese is more readily understood when calculated as percentages of that 
originally present in the milk. These percentages are given in Table 6. 


Table 6.—Percentage of the total riboflavin retained in cheese 


Series 

Treatment of milk 

Raw 

Holder 

High-Short 

Pi 

21.60 

20.29 

22.38 

p. 

20.06 

19.52 

, 18.35 

p. 

24.62 

24.81 

24.74 

Pa 

22.60 

21.53 

22.48 

Ps 

33.04 

22.14 

22.32 

P. 

22.55 

25.97 

24.80 

Means 4^1 

24.08 

22.38 

22.51 


Attention is directed to the value 33.04% as given for Ps raw milk. 
Reference to Table 9 in the Appendix shows that this sample of cheese at 
one day contained 706 jug./lOO g. of riboflavin as compared with 484 and 
478 in the holder and high-short samples. This assay on the raw-milk 
cheese was repeated six times but an abnormally high value was always 
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obtained. At later stages of ripening this cheese displayed values ranging 
from 422 to 484 jug./lOO g. It would seem logical therefore, that this 
result is an aberrant one and should not be included in the calculation of 
this mean. There are a number of factors which might have produced 
this erroneous result, chief of which would be that the cheese sample 
became contaminated with riboflavin producing micro-organisms (13). 

If the value in question be deleted for purposes of calculating the 
mean, the remaining five values yield a mean of 22.28%. If this deletion 
is justifiable, one may conclude that the retention of riboflavin is not 
affected by the heat treatment which the milk receives. 

Stability of Riboflavin During the Ripening Period 

In conformity with the practice of Booher, Hartzler and Hewston (1), 
riboflavin values were calculated in micrograms per 100 grams of food. 
As was found to be the case in our previous study, however, variations in 
total solids content from one sample to another and even in the same lot 
of cheese at different stages of ripening, are likely to be considerable. The 
shrinkage which took place in the cheese ripened at 40° F. is illustrated in 
Table 7 and Figure 3. 



Figure 3. Increase in the total solids content of cheese during ripening. 


Table 7.—Average total solids content of cheese samples at 
INTERVALS DURING RIPENING AT 40° F. 


Age of cheese 

Treatment of milk 

Raw 

Holder 

High-Short 

1 day 

66.65 

66.30 

66.67 

14 days 

67.63 

67.29 

67.51 

3 months 

68.24 

67.88 

67.95 

6 months 

69.49 

69.02 

68.84 


This gradual increase in total solids content tends to distort the picture 
of riboflavin stability unless corrections are made for these changes. In 
order to avoid this error the riboflavin values have been recalculated to 
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a 35% moisture content basis. The individual values for riboflavin On 
the cheese ripened at 40® and 58® F. are given in Table 11 while the means 
of the corrected values for the cheese ripened at 40® F, are shown in Table 8 
and Figure 4. Similar results for the cheese ripened at 58® F. could not 
be calculated since it was not possible to secure results for total solids on 
these cheese. 



AGE IN MONTHS 


Figure 4. Variations in riboflavin content of cheese during ripening. Averages 
of six lots. 


Table 8.—Average stability of riboflavin during ripening. Values are 

EXPRESSED IN JJXi. OF RIBOFLAVIN PER 100 G. OF 35% MOISTURE CHEESE 
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bacteria? be assured. The two combinations employed in this experiment 
are such that they would be readily approved by most public health 
authorities in North America. In the event that the Canadian cheese 
industry were to adopt pasteurization as a modification of its present 
method, these or similar standards would have to be met. Any alternative 
methods at less effective time-temperature combinations, would not be 
satisfactory from the point of view of the milk sanitarian. 

Approved standards of heat treatment were therefore chosen in this 
study. While they are not at all drastic, the equilibria involved in the 
chemistry of cheese making is of such a character that it is sometimes 
seriously affected by minor factors. This is particularly true in regard to 
the retention of minerals. 

The suggestion of Magee and Harvey (10) that the calcium salts are 
partially converted to a colloidal form would suggest that pasteurization of 
the milk would tend to increase the retention of this element in the cheese. 
McDowall and Dolby (9) have interpreted the activity at the surface of a 
curd cube on the basis of the existence of a Donnan equilibrium. The 
experimental evidence in this study does not indicate, however, that either 
of these postulations apply in restraining the loss of calcium from the curd 
into the whey. 

The increased retention of phosphorus as a result of pasteurization 
was noted above. This increase is not great but it did occur consistently 
in all but one experiment. It is also apparent in the lower losses which 
occur in the whey from the pasteurized lots. In view of the rather meagre 
information regarding the phosphorus compounds of milk and the effect 
of heat upon them, it is impossible to suggest any explanation for this. 
Nutritionally the extra phosphorus retained in the pasteurized milk cheese 
is of no great importance. 

The retention values for riboflavin in the pasteurized milk cheese are 
of the same order as those reported in the authors’ previous study on raw 
milk cheese (8) and agree with the findings of Houston and Kon (6). It is 
apparent from these results that pasteurization of the milk by either 
process has no adverse effect upon the retention of the vitamin. The 
riboflavin content of cheese is of such magnitude that this food is almost in 
a class by itself as a source of this vitamin. The high loss of this factor in 
the whey, however, presents a challenge either to find a method of utilizing 
it to better advantage in animal feeds or retaining more of it in the cheese. 
Comments on the latter possibility were made in the previous paper. 

Riboflavin proved to be as stable in pasteurized milk cheese as in that 
made from raw milk although during the early stages of ripening a marked 
reduction was noted in these values. This reduction appeared more 
marked in both lots of pasteurized cheese than in the raw milk cheese. 
The evidence suggests that this recession was not an actual one and that 
the microbiological method of estimating riboflavin may be influenced by 
changes which occur in the bacterial flora of cheese and which take place 
concurrently with this apparent recession in riboflavin content. At the 
conclusion of the ripening period of six months the riboflavin values were 
equal to, or slightly in excess of, the original values found in the one-day- 
old cheese. 
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SUMMARY 

The effect of pasteurizing milk for cheese manufacture by the holder 
and high-temperature short-time methods has been studied in comparison 
with cheese manufactured from raw milk from the point of view of the 
relative effidency with which the calcium, phosphorus and riboflavin 
present in the milk were retained in the cheese. 

The results indicate that heat treatment of the milk did not affect 
noticeably the retention of calcium. 

Cheese made from pasteurized milk tended to retain slightly more of 
the phosphorus than did cheese made from raw milk. 

Pasteurization by either method had no significant effect upon the 
retention of riboflavin when compared to the raw control. 

A marked reduction in riboflavin content appeared to take place 
during the first 14 days of ripening. This reduction was followed by an 
equivalent increase with the result that the final values at the end of six 
months ripening were about equal to those found in the fresh cheese. 
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APPENDIX 

Table 9. —Fat, total solids, Ca., P, and riboflavin in milk, first whey, 

PRESS WHEY AND ONE-DAY-OLD CHEESE 
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Table 10.— Changes in fat and total solids of cheese during ' 
SIX months ripening at 40® f. 


Lot No. 

Fat 

Total solids 

Age in months 

i 

3 

6 

i 

3 

6 

■1 

Treatment 

% 

% 

% 

% 

% 

% 

■■ 

Raw 

37.5 

37.9 

39.0 

68.7 

68.7 

70.8 

HB 

Hold 

37.1 

37.1 

38.9 

68.3 

67.7 

70.4 

BH 

HS 

37.5 


38.0 

68.4 

68.4 

69.4 

SB 

Raw 

33.4 

35.6 

33.9 

66.4 

67.2 

68.7 

SB 

Hold 

32.9 

33.2 

33.7 

65.9 

66.8 

68.4 

bB 

H-S 

33.2 

33.4 

34.0 

65.6 

66.4 

67.6 


Raw 

36.4 

36.4 

38.5 

67.5 

68.3 


Pi 

Hold 

36.0 

36.7 

38.5 

67.1 

68.6 



H-S 

36.4 

36.8 

38.6 

67.5 

68.5 

mmM 


Raw 

35.6 

36.1 

36.2 

67.3 

69.1 

69.0 

P. 

Hold 

35.6 

36.0 

35.6 

67.4 

68.5 

68.1 


H-S 

35.8 

36.3 

36.2 

67.4 

68.8 

68.4 

bb 

Raw 

35.6 

36.2 

35.9 

68.3 

68.8 

68.8 

BB 

Hold 

34.6 

34.6 

34.8 

68.0 

68.7 

68.2 

bB 

H-S 

35.8 

35.7 

35.8 

68.5 

68.3 

68.7 


Raw 


35.3 

35.9 

67.7 

67.3 

68.0 

p. 

Hold 


35.0 

35.2 

67.1 

67.1 

67.0 


H-S 


35.3 

35.7 

67.7 

67.3 

67.0 


Table 11.—Stability of riboflavin during ripening at two temperatures 

(Values in /ig./lOO g.) 


Time and temperature of storage 


Lot 

Treatment 

1 day 

14 days | 

3 months 

6 months 



40® F, 

58® F. 

0 

0 

58® F. 

0 

0 

58° F. 


Raw 


392 

379 

438 

427 

475 

460 

Pi 

Hold 


276 

288 

378 

348 

454 

459 


H-S 


270 


354 

346 

463 

448 


Raw 

464 

394 

386 

495 

492 

469 

461 

P* 

Hold 

404 

402 

388 

471 

443 

486 

464 


H-S 

404 

393 

380 

445 

428 

481 

479 


Raw 

1^1 

MSm 

454 

460 

453 

478 

mm 

P 3 

Hold 



436 

493 

486 

490 

BB 


H-S 

1^11 

414 

429 

459 

452 

478 

BB 


Raw 

. 471 

421 

431 

475 


481 

481 

Pi 

Hold 

477 

419 

423 

486 

469 

492 

490 

H-S 

475 

422 

415 

445 

444 

484 

487 


Raw 

706* 

465 

459 

417 

402 

442 


Pi 

Hold 

484 

463 

465 

— 

446 

456 

452 

H-S 

478 

478 

477 

451 

446 

467 

461 


RaW^ 

483 

472 

475 

454 

456 

464 


Pi 

Hold 

502 

476 

477 

468 

467 

477 


H-S 

482 


478 

458 

455 

467 


Means- 

Raw 


462 

439 

431 

11 

450 

468 

m 

Hold 


449 

415 

413 

KSb 

443 

476 

BB 

H-S 


458 

411 

410 

435 

429 

473 



*Not Included in mean. 



















































































































. THE RETENTION OF NUTRIENTS IN CHEESE MAKING 

'ill. THE CALCIUM, PHOSPHORUS AND RIBOFLAVIN CONTENTS OF 
CREAM, COTTAGE, BRICK AND BLUE CHEESE 
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S. H. Jackson*, A. Crook®, and W. M. Johnstone^ 
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One factor which tends to restrict interest in cheese as a component 
of Canadian diets is the relatively limited number of varieties of cheese 
offered to the consuming public. It is generally agreed that an increase 
in the numbers of types of cheese would facilitate the promotion of cheese 
sales and result in a more nutritious, and probably cheaper, source of food 
for large sections of the population. This has been the experience in the 
United States where the sale of several foreign types of cheese brought 
about a noticeable increase in the per capita cheese consumption during 
the decade prior to the war. 

Most varieties of cheese are known to be excellent sources of protein 
and the majority are also good sources of vitamin A activity. Wide 
variations in the methods of manufacture, however, cause differences in 
composition. This is particularly true of the mineral content. In addition, 
comparatively little is known regarding the water-soluble vitamins present 
in these varieties. It was for these reasons that a project was planned to 
study the calcium, phosphorus and riboflavin present in some special 
varieties of cheese made under controlled conditions. The varieties studied 
consisted of cream, cottage, brick and blue. The effect of an appropriate 
storage or ripening period upon riboflavin stability was also included in 
the study. 

HISTORICAL 

The methods employed in the manufacture of almost any variety of 
soft or fancy cheese are much more varied than those for cheddar. Differ¬ 
ences in manufacturing methods which involve variations in acidities are 
now known to affect greatly the retention of minerals in the cheese. Wode 
(16) pointed out this relationship and his findings have been confirmed by 
others (8, 9, 10). 

McCammon, Caulfield and Kramer (8) have reported the mean 
calcium and phosphorus contents of cream cheese made in their laboratory 
as 0.075 and 0.091%, respectively. These appear to be the only values 
in the literature. For cottage chf^ese these authors report values ranging 
from 0.09 to 0.128% calcium and 0.134 to 0.186% phosphorus. Garrett 
(2) found mean values of 0.08% calcium and 0.230% phosphorus on 102 
samples of commercially made cottage cheese. 

1 Joint contribution from the Departments of Dairying and Chemistry, O.A.C. and Department of Pediatrics 
Hospital for Sick Children, Toronto. Determinations for fat and total solids were made in the Dairy Chemistry 
Laboratory. O.A.C., while those for calcium, phosphorus and riboflavin were made at tlie Hospital for Sick 
Children. 

*• * Lecturer and Professor, respectively. Dairy Department. 

* Associate Professor and Dairy Chemist, Chemistry Department. 

* Research Assistant in Chemistry. 

* • 7 Technical Assistants, Department of Paediatrics’ Research Laboratories. 
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The literature appears to contain no riboflavin values for these t^o 
varieties of cheese. No recorded values for calcium, phosphorus or ribo¬ 
flavin were found for brick cheese although the riboflavin values reported 
by Burkholder, Collier and Moyer (1) for Limburger cheese might be 
expected to be similar. 

Stilton cheese is somewhat analagous to blue cheese in that it is mould- 
ripened. Values for calcium, phosphorus and riboflavin are on record for 
this variety. Mattick (10) reports calcium values of from 0.207 to 0.258% 
and phosphorus values of 0.247 to 0.340% in commercially made samples 
of this variety. Houston and Kon (4) reports riboflavin values of 2.30 
to 3.50 fjLg per g. of Stilton cheese. 

Certain types of fancy cheese which develop a surface slime during the 
ripening process were found by Burkholder, Collier and Moyer (1) to show 
marked increases in their content of B-complex vitamins. This increase 
was attributed to the biochemical changes brought about by the micro¬ 
organisms in the slime of the cheese. 

EXPERIMENTAL 

In this study four lots of each variety were manufactured. The 16 
lots were all made during the period of May-July, 1943, the dairy herd of 
the Ontario Agricultural College serving as the source of the milk. Of 
these varieties, brick and blue are subject to ripening processes and sampling 
of these types was therefore done at intervals during these periods. Cottage 
and cream cheese are highly perishable and were therefore stored for only 
7 and 14 days, respectively. In view of the fact that there might be changes, 
in riboflavin content during this period, assays for this vitamin were 
repeated at the end of these times. Table 1 has been prepared to outline 
more clearly the plan of the study. 

Table 1.—Outline of studies on special varieties of cheese 


Variety and 
Lot 

Date 

Schedule of analyses 

Fat, T.S., NaCI, Ca, P, Ribo. 

Cream 1 
Cream 2 
Cream 3 
Cream 4 

4/6 

10/6 

7/7 

8/7 

Fresh cheese (Ribo. again at 14 days) 

Fresh cheese 

Fresh cheese 

Fresh cheese 

Cottage 1 
Cottage 2 
Cottage 3 
Cottage 4 

. 1/6' 
2/6 
1/7 
7/7 

Fresh cheese (Ribo.^ again at 7 days) 

Fresh cheese * 

Fresh cheese 

Fresh cheese 

Brick 1 

Brick 2 

Brick 3 

Brick 4 

14/7 

15/7 

Fat, T.S., Ca, P., Ribo. 
Milk, whey 

Milk, whey 

Milk, whey 

Milk, whey 

Fat, T.S., NaCl, Ribo. 
’"Cheese at 1, 14 da., 1 and 3 mo. 
*Cheese at 1, 14 da., 1 and 3 mo. 
’"Cheese at 1, 14 da., 1 and 3 mo. 
’"Cheese at 1, 14 da., 1 and 3 mo. 

Blue 1 

Blue 2 

Blue 3 

Blue 4 

12/5 

13/5 

29/6 

30/7 

Milk, whey 

Milk, whey 

Milk, whey 

Milk, whey 

""Cheese at 1, 14 da., 3 and 6 mo, 
""Cheese at 1, 14 da., 3 and 6 mo. 
""Cheese at 1, 1*4 da., 3 and 6 mo. 
""Cheese at 1, 14 da., 3 and 6 mo. 


* Analysis for Ca. and P. was carfied out on l-day-old cheese. 
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• Thfe method used in manufacturing the cream cheese was similar to 
that described by Roundy and Price (12), the cheese being made from 
16% cream pasteurized at 143° F. for 30 minutes and homogenized at 
1500 lb. pressure. Starter was used at the rate of 5% and rennet at the 
rate of 3 ml. per 1000 lb. During the 14 days storage period at 40° F. 
the cheese was held in 4 oz. glass jars. 

In manufacturing the cottage cheese curd, the method outlined by 
Mull, Reid and Arbuckle (11) was followed. In each lot, skimmilk pas¬ 
teurized at 143-145° F. for 30 min. was used; starter and rennet were 
added at the rate of 10% and 1.25 ml. per 1000 lb., respectively; and the 
curd was creamed on the morning following manufacture by stirring in 
enough 20% cream to give the cheese a fat content of about 4%. Salt 
was added at the rate of 1%. Samples were held in 12 oz. paraffined paper 
tubs during the 7-day storage period at 40° F. 

The methods described by Wilson and Price (14) were largely followed 
•for the brick cheese. Raw, warm, morning's milk was used exclusively. 
Lactic starter was added at the rate of 0.1% and rennet at the rate of 4 oz. 
per 1000 lb. Salt was added to these cheese by the dry method, rubbing it 
on all surfaces of the loaves on the first and second day following manu¬ 
facture. One of the four lots could hardly be considered as being of even 
fair quality but this did not appear to affect the results of the trial. In 
this case the starter was inactive and the cheese developed a very gassy 
flavour and texture. 

In the case of the blue cheese the first and third lots were made from 
raw milk according to the methods of Goss, Nielson and Mortensen (3) 
and Irvine (5) while raw, homogenized milk was used in the remaining two 
experiments. In the latter cases the method of Lane and Hammer (7) 
was employed. The mould powder used was purchased from the Depart¬ 
ment of Dairy Industry of the Iowa State College. 

The brick cheese were ripened for the first two months at 58° F., being 
paraffined after the first two weeks. Storage for the remainder of the 
ripening period was at 40° F. The blue cheese was held at 50° F. for the 
first three months under conditions of high relative humidity. During 
this period they were scraped three times to remove excessive slime growth 
after which the cheese were tightly wrapped in tin foil and transferred to 
the 40° F. storage. 

The problem of securing a representative sample of a substance like 
cream or cottage cheese is a difficult one. In the case of the cream cheese 
the curd was allowed to continue draining overnight at 40° F. The salt 
was then added and thoroughly worked in, after which three sub-samples 
were taken and thoroughly mixed together. A similar plan was followed 
in the case of the cottage cheese. For brick cheese, a quarter of a loaf 
was removed and split lengthwise in the manner in which a print of butter 
is sampled. In sampling the blue cheese a 45-degree wedge was removed 
from a cheese for analysing. This was subdivided into four pieces, two 
of which were wrapped in moisture-proof ‘'CellopTlane" and dispatched to 
each laboratory. 

The methods of analysis for fat, total solids, calcium, phosphorus 
and riboflavin were those cited in a pfevious paper (6). Sodium chloride 
was determined according to the method described by Wilster et al. (15). 
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Cream Cheese RESULTS 


Table 2 indicates the results secured on this type of cheese. 


Table 2.—Ca, P, and Riboflavin present in cream cheese 


Lot 

Fat 

mi 


Ca 

n 

Riboflavin 

1 da. 

14 da. 


% 

% 

% 

mg. % 


Ixg/lOO g. 

/ig/lOO g. 

1 

41.99 

52.00 

_ 

82.4 

mBM 

265 

320 

2 

39.19 

49.24 

— 

86.4 

86 

323 

325 

3 

32.30 

42.04 

1.53 

— 

— 

273 

251 

4 

42.91 

52.53 

1.13 

— 

— 

260 

267 

Mean 

39.07 

49.70 

— 

— 

— 

280 

291 


It will be noted that lot No. 3 is above the legal limit for moisture 
content according to the Dairy Industry Act. Aside from this these lots 
of cheese were all quite typical of the product usually offered for sale. 
The high moisture content is one factor which contributes to the relatively 
low values for calcium and phosphorus but it is obvious that this variety 
is not equal to cheddar cheese as a source of these minerals. The results 
for riboflavin suggest that this vitamin suffers no destruction during a 
holding period of up to 14 days. 

Cottage Cheese 

Since a comparatively high acidity is developed in this process and 
since also the curd is usually subject to two or more washings, the values 
for nutrients are likely to bear little relationship to the nutrients originally 
present in the milk. For these reasons the values on the finished cheese 
only were determined. These are presented in Table 3. 


Table 3.—Ca, P, and Riboflavin present in cottage cheese 


Lot 

Fat 

B 

NaCl 

Ca 

p 

Riboflavin 


1 da. 

7 da. 


% 

% 

% 



yug/lOO g. 


1 

3.18 

20.31 

0.75 

IHI 

137.6 

293 

260 

2 

3.09 

20.63 

0.95 



— 

288 

3 

1.71 

21.15 

1.05 

mm 

161.6 

' 317 

276 

4 

2.58 

19.97 

1.02 


— 

251 


Means 

iggP 


0.94 

85 

146 

288 

283 


The relatively high moisture content of cottage cheese results in its 
lower nutritive value. On the basis of the mean values, riboflavin appears 
to be stable during this seven-day period. 


Brick Cheese 

As this variety was made from whole milk and the curd was not 
washed, it was possible to'determine the values for nutrients in the milk, 
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whey alid cheese and to assess the efficiency of the cheesemaking process 
with respect to retention of these factors. The results from the four vats 
have been averaged and are presented in Table 4. Table 8 in the Appendix 
gives the actual values for these nutrients and details of composition, etc. 

Table 4.—Loss in whey and retention in brick cheese of Ca, P, and Riboflavin 

SHOWN AS percentages OF THE AMOUNT ORIGINALLY PRESENT IN THE MILK 


Means of four lots 


— 

Ca 

P 

Riboflavin 


% 

% 

% 

Whey 

26.7 

37.7 

56.9 

Cheese (1 da.) 

57.7 

58.7 

27.4 

Total 

84.4 

96.4 

84.3 


These results indicate that mineral retention in brick cheese is of the 
same order as in raw-milk cheddar cheese. In view of the fact that there 
is no development of acidity in this process even up until the time curds are 
placed in the forms, one would anticipate a slightly higher retention of 
calcium in the cheese. The retention of riboflavin in the one-day-old 
cheese is significantly higher than in cheddar cheese, however, due no 
doubt to the fact that the moisture content and yield of cheese is higher 
than cheddar. 

The development of a surface slime on these cheese during early 
ripening is a factor which might alter the riboflavin content during this 
interval. Largely for this reason a study was made of riboflavin stability 
during the ripening period. Results (Table 5) have been recalculated to a 
35% moisture basis in order to obviate the error caused by shrinkage. 

Table 5.—Stability of riboflavin during the ripening of brick cheese. 

Results calculated on a 35% moisture basis 


Riboflavin (fxg/100 g. 35% moisture cheese) 


J-.OL 

Age—1 da. 

14 da. 

1 mo. 

3 mo. 

1 

598 

550 

473 

485 

2 

632 

600 

504 

474 

3 

682 

520 

507 

508 

4 

624 

550 

546 

564 

Mean 

634 

555 

508 

1 

508 


These results indicate that after the first two or three weeks of ripen¬ 
ing, riboflavin values are stable. During the period of slime formation 
and washing, however, there appears to be a significant loss of this factor. 


Blue Cheese 

In these experiments it was also possible to determine the percentages 
of nutrients lost and retained. The results are presented in Table 6 and 
in Table 9 in the Appendix. 
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Table 6.—Loss in whey and retention in blue cheese of Ca., P., and riboflavin 
SHOWN as percentages OF THE AMOUNT ORIGINALLY PRESENT IN THE MILK 

Means of four lots 


— 

Ca 

P 

Riboflavin 


% 

% 

% 

Whey 

46.1 

48.1 

58.5 

Cheese (1 da.) 

46.2 

43.3 

30.1 

Total 

92.2 

91.4 

88.6 


High acidities are employed in blue cheese manufacture and these 
may account for the relatively poor retention of minerals in these trials. 
The values for calcium and phosphorus present in the cheese are much 
greater than those found in English Stilton by Mattick (10), however. 

Values showing changes in riboflavin content during ripening have 
been calculated in the same manner as for brick cheese and are presented 
in Table 7. 

Table 7.—Stability of riboflavin during the ripening of blue cheese. 

Results calculated on a 35% moisture basis 


Lot 

Age 

Riboflavin (iUg/100 g. 35% moisture cheese) 

1 da. 

14 da. 

3 mo. 

6 mo. 

1 


614 

615 

560 

630 

2 

(Homo.) 

590 

620 

571 

654 

3 



620 



4 

(Homo.) 


610 

574 

599 

Mean 

649 

616 

566 

622 


The above values are the highest so far encountered for riboflavin in 
any cheese studied in this project. They also indicate that here again 
riboflavin is not adversely affected by any of the chemical changes which 
occur during cheese ripening. The practice of homogenizing the milk 
which was followed ^in the case of lots 2 and 4 appears to have had no 
adverse effect upon the riboflavin content of the cheese. 

DISCUSSION 

In so far as mineral values are concerned, these results confirm the 
findings of McCaAmon, Caulfield and Kramer (8) to the effect that cheese 
of different varieties vary widely in mineral content. In the manufacture 
of those varieties in which high acidities are developed or in which the 
curds are washed with water, a marked reduction in calcium content 
particularly, is to be expected. Where these practices can be avoided or 
limited, the nutritive qualities of the cheese are benefited. Where cheese- 
maj^ing methods (e.g. cottage cheese) can be varied without affecting the 
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fla,vour ^nd texture qualities of the product, the retention of additional 
nutrients should be a factor in determining what manufacturing procedure 
will be followed. 

The mineral values on cream and cottage cheese, while indicating that 
these varieties are much poorer than the cheddar, brick and blue varieties, 
are still such that they rank very high in any list of calcium and phosphorus 
containing foods. The large proportion of these minerals retained by brick 
and blue cheese is a point which should highly recommend these varieties 
to dietitians. 

These varieties all appear to be good sources of riboflavin, particularly 
brick and blue cheese. On the basis of their solids-not-fat content, cream 
and cottage cheese rate very well. 

The results obtained in this study are not in accord with the findings 
of Burkholder, Collier and Moyer (1) in regard to increases occurring during 
the ripening periods of some semi-hard cheeses. On the other hand they 
agree with Sullivan, Bloom and Jarmol (13) who found riboflavin to be 
quite stable during ripening. 

SUMMARY 

A study has been made of the calcium, phosphorus and riboflavin 
contents of cream, cottage, brick and blue cheese. In the case of the latter 
two varieties, the proportions of these nutrients originally prcvsent in the 
milk which were retained in the cheese, were determined. In addition the 
stability of riboflavin during the ripening periods of brick and blue cheese 
was also studied. The average results on a limited number of batches were 
as follows: 

Cream cheese contained 84.4 mg. % calcium, 86 mg. % phosphorus, 
and 280 jUg. per 100 g. of riboflavin: 

Cottage cheese contained 85 mg. % calcium, 146 mg. % phosphorus 
and 288 /xg. per 100 g. of riboflavin: 

In brick cheese, of the original nutrients present in the milk, 57.7% 
of the calcium, 58.7% of the phosphorus and 27.4% of the riboflavin were 
retained in the cheese. 

In blue cheese the corresponding values for retention were: calcium, 
46.2%; phosphorus, 43.3%; and riboflavin, 30.1%. 

The riboflavin content of the cream and cottage cheese did not change 
when these varieties were stored for short periods. It also appeared to be 
quite stable in the ripening processes of brick and blue cheese. 
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APPENDIX 

Table 8.—Detailed results* on brick cheese 


Lot No. 

Milk 

Whey 

Fat 

T.S. 

Ca 

n 


Fat 

T.S. 

Ca 

a 

Ribo. 


1 

1.23 

11.90 


75 

227 

0.25 

6.75 

43.3 

33.5 

157 

2 

3.69 

12.49 

■im 

76 

257 

0.30 

6.94 

40.0 

33 

164 

3 

3.89 

11.89 

■Bil 


220 

0.31 

6.96 

— 

— 

206 

4 

4.19 

■ ^2.78 

B 

H 

255 

0.33 

6.96 

_ 

—• 

186 


Cheese (one-day-old) 


Lot 

Yiel?^ 

Fat 

HI 

Ca 

P 

Ribo. 

1 

11.21 

27.6 

55.2 

728 

mm 

508 

2 


28.9 

55.3 

640 


538 

3 

BHKS 

30.1 

55.8 

— 


585 

4 


31.4 

55.3 

— 


530 
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Cheese 


Lot 


Age—14 da. 



1 mo. 



3 mo. 


Fat 

T.S. 

NaCl. 

Ribo. 

Fat 

T.S. 

NaCl 

Ribo. 

Fat 

T.S. 

NaCl 

Ribo. 

1 

29.5 

60.1 

1.57 

508 

30.5 

62.3 

1.72 

453 

31.8 

63.4 

1.77 

473 

2 

30.4 

58.8‘ 

1.87 

544 


61.6 

2.16 

478 

33.2 

64.7 

2.11 

471 

3 

34.6 

65.1 

1.98 

522 


65.6 


512 

38.6 

HO 

3.25 

559 

4 

34.0 

60.8 

1.86 

515 


63.2 


531 

37.3 

65.0 

1.93 

564 


•Fat, T.S., NaCl. in percent. 
Ca., P. in mg./lOO g. 
Riboflavin in MS/lOO g. 


Table 9.—Detailed results* on blue cheese 


Lot No. 

Milk 

Whey 

Fat 

T.S. 

Ca 

P 

Ribo. 

Fat 

T.S. 

Ca 

P 

Ribo. 


1 

4.42 

13.24 

128.5 

86 

208 

0.37 

7.00 

70.3 

49 

154 

2 


12.53 

128.5 

86 

332 

0.32 

6.84 

64.8 

47.5 

165 

3 

4.13 

12.84 

129.5 

82 

256 

0.32 

6.79 

37.8 

47.5 

170 

4 

3.86 1 

12.46 

118.5 

82 

280 

0.30 

6.87 

— 

— 

192 


Cheese (one-day-old) 


Lot 

Yield 

Fat 

T.S. 

Ca 

P 

Ribo. 

1 

13.46 

30.5 

53.6 

388 

252 

506 

2 

14.32 

26.8 

48.7 

468 

292 

441 

3 

13.83 

29.3 

53.0 

312 

252 

546 

4 

13.59 

28.7 

52.1 

— 

— 

579 


Cheese 


T 


Age—14 da. 



3 mo. 



6 mo. 


J«#OC 

Fat 

|RQ 








T.S. 

NaCl 

Ribo. 

1 

BH 

57.1 



39.1 




39.2 

68.3 

4.08 

663 

2 


53.8 

4.33 

513 

35.2 

64.0 

4.81 

564 

33.8 

66.4 

6.05 

668 

3 


55.7 

2.79 

530 

42.4 

73.1 

4.05 

646 

40.8 

73.0 

4.35 

683 

4 

29.9 

56.8 

3.20 

532 

39.6 

72.5 

4.59 

640 

40.3 

75.1 

4.28 

693 


• Fat, T.S., NaCl. in percent. 
Ca., P. in mg./lOO g. 
Riboflavin in MS/lOO g. 
































GROWTH OF BACON TYPE HOGS» 

RATES OF GAIN AT SPECIFIC LIVE WEIGHTS 
C. D. T. Cameron,* G. C. Ashton,* S. A. Hilton,* and E. W. Crampton* 

[Received for publication August 9, 1945] 

Published data giving average growth rates of Canadian bacon type 
hogs are scant. Crampton (2) and, Ashton and Crampton (1) have 
published growth curves for bacon type hogs fed at Macdonald College, 
but these values may or may not represent pigs fed at other Canadian 
centres. To secure suitable data for such curves, management practices 
must provide live weight records of pigs at short intervals, and preferably 
not exceeding 14 days. While all Canadian stations do not record weights 
at such short intervals, a number of them do weigh their test pigs biweekly. 

SOURCE AND NATURE OF THE DATA 

The Dominion Experimental Farm at Nappan, N.S. follows the above 
mentioned procedure, with the result that in January, 1945, there were 
available at this Station biweekly live weight records for 183 group-fed 
hogs. In such data was material for the construction of a swine growth 
curve, about which individual variation could be indicated. Group treat¬ 
ment, however, prevents the collection of individual feed consumption 
data as well as a measure of the individual variation, so feed intake has 
not been considered in this study. 

The hogs used in this study were of Yorkshire breeding. Their dams 
were bred at the Nappan Experimental Farm and were almost all daughters, 
grand-daughfers, or great-grand-daughters of the Swedish-bred sire Valter 
of Svalof-179616-. Litters were farrowed in both early spring and fall, 
and creep-fed from 2 weeks of age. The males were castrated when one 
month old and all pigs were weaned at approximately 8 weeks. 

The hogs were allotted to experimental feeding pens of 4 or 5 hogs 
each at 65-75 days of age. All groups were full hand fed the meal allow¬ 
ance, with water, thrice daily from weaning to an average weight of 100-125 
pounds and thereafter twice daily. 

The basal fraction of the rations for most of the pigs consisted of feed 
barley, oats and wheat or shorts. Barley generally constituted about 50% 
of the rations except for 25 hogs which received barley only as the basal 
feed. 

White-fish meal constituted the entire protein supplement for the 
greater numly of the hogs. In two tests involving 72 pigs, the protein- 

»Contribution from the Division of Animal Husbandry, Dominion Experimental Farm, Nappan, N.S., 
and Nutrition Laboratory, Macdonald College (McGill University), Que. 

Nappan Experimental Farm Journal Series No. 1. 

Macdonald College Journal Series No. 207. 

* Experimental Farm Assistant, Dominion Experimental Farm, Nappan, N.S. 

* Assistant in Animal Nutrition. Macdonald College, Que. 

* Experimental Farm Assistant. Dominion Experimental Farm. Nappan, N.S. . 

* Professor of Animal Nutrition, Macdonald VTollege, Que. 
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mineral supplement was made up as follows: Tankage 50%; white-fish 
meal 15%; linseed oilmeal 20%; bone meal 5%; ground limestone 5%; 
and salt 5%. A few hogs in one test were fed oily-fish meal, or tankage, 
as the protein supplement. A mineral mixture, made up of one meal 40%, 
ground limestone 40%, and salt 20%, was fed at 1-2% of the basal feed 
allowance to all hogs fed a single high protein feed. 

The rations during the first period for all groups fed the mixed protein- 
mineral supplement consisted of 85 parts basal feeds and 15 parts supple¬ 
ment, while the proportion of supplement was reduced to about 10% in 
the last period. The various protein supplements used have not resulted 
in any appreciable difference in the estimated digestible protein content 
of the rations fed. The final feed mixtures were supplemented with one 
teaspoonful of cod liver oil daily for each animal in all groups under 100 
pounds average weight. 


TREATMENT OF DATA 

The relating of daily gains of pigs to specific body weights requires 
data on live weights and interval live weight increases. The experimental 
method followed at Nappan of arranging many of the test pigs into groups 
of 5 precluded equal representation of the sexes on any one ration so no 
attempt was made here to determine these differences. The combining 
of the data from the two sexes is further warranted by the study of Ashton 
and Crampton (1) which showed the rate of gain to be statistically the same 
for male and female pigs of identical live weights. 

The system of biweekly weighing practised at this Station provided, 
for each pig on test, several live weight records and consequently a number 
of 14-day and/or weight interval gains. Live weight values to correspond 
to average daily gain values over the time and/or weight intervals were 
taken as the midpoints between the two appropriate weighings. Thus for 
example the values for a pig whose live weights at successive periods were 
151 pbunds and 169 pounds are: average daily gain 1.3 pounds, and the 
midpoint or weight to which this gain value is applied is 160 pounds. 

.Following the determination of these midpoints and their respective 
daily gains, the latter were brought together at live weight intervals of 
10 pounds. For example, all gains made at mid-weights from 155 to 164 
pounds inclusive were put into the 160 pound group. The mean gain and 
the standard deviation were calculated for each live weight group. These 
values were then plotted against live weight and the resulting curves 
smoothed by Fisher’s Summation Method of Fitting Polynomials (3). 

RESULTS AND DISCUSSION 

The tabulated values for the hogs in this study appear in Table 1 and 
their trend is graphically depicted in Figure 1 by a third degree polynomiaL 
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Table 1.—Average daily gains and the standard deviations for 
Yorkshire pigs from 30 to 200 pounds live weight 


Weight classes 

. . . 

Average daily gain 

Observed values 

Third degree polynomial 

lbs. 

lbs. 

lbs. 

30 

0.73 ± 0.15 

0.72 ± 0.19 

40 

0.84 ± 0.21 

0.88 ± 0.20 

50 

1.00 ± 0.28 

1.02 ± 0.22 

60 

1.19 ± 0.27 

1.14 ± 0.24 

70 

1.31 ± 0.28 

1.24 ± 0.25 

80 

1.33 ± 0.32 

1.33 ± 0.27 

90 

1.41 ± 0.26 

1.40 ± 0.28 

100 

1.40 ± 0.35 

1.45 ± 0.30 

110 

1.40 ± 0.24 

1.50 ± 0.31 

120 

1.50 ± 0.25 

1.54 ±0.33 

130 

1.61 ± 0.29 

1.58 ± 0.35 

140 

1.70 ± 0.31 

1.61 ± 0.36 

150 

1.64 ± 0.37 

1.64 ± 0.38 

160 

1.73 ± 0.42 

1.68 ± 0.39 

170 

1.76 ± 0.36 

1.72 ± 0.41 

180 

1.64 ± 0.37 

1.77 ± 0.42 

190 

1.79 ± 0.50 

1.82 ± 0.44 

200 

1.95 ± 0.56 

1.90 ± 0.45 
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A (fomparison of this curve with the one by Ashton and Crampton (1) 
appears in Figure 2. The curve in this study shows considerably less 
change in slope, and slower gains over the greater part of its length, than 
that from Macdonald. All of the mean gains but one (at 50 pounds) 
below 160 pounds are significantly different at odds of 19 :1. 



Figure 2. Average daily gain of pigs fed at Nappan and Macdonald. 


It will be noted that the two curves cross one another at the 50-pound 
point and again at 185 pounds. The higher rate of gain for the small pigs 
at Nappan would appear to be the result of creep-feeding during the nursing 
period and probably to a lesser extent to the gradual change from stock to 
test rations. 

Pigs reared at Macdonald College are not provided with creep feed 
but are encouraged to steal from the sow's trough. The sows receive a 
starter-grower mixture throughout ibeir gestation and lactation period. 
Following weaning the young pigs continue to receive the same ration 
until they are placed on trial when they are immediately given their respec¬ 
tive test rations in individual pens. 

The accelerated rate of gain of the Nappan pigs over 185 pounds in 
weight does not appear to be the result of ration differences, since smoothed 
curves in Figure 3 based on other groups of hogs from these stations, whose 
treatment has been similar, show the same differences in trend as observed 
in Figure 2. The animals represented* in Figure 3 were part of a co-opera¬ 
tive feeding trial in which special efforts were made to standardize test 
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Figure 3. Average daily gain of Nappan and Macdonald fed pigs, receiving the 
same rations. 

conditions at several feeding stations. The feed was prepared by a single 
commercial feed firm and distributed by it to all the stations at the same 
time. There is some Nappan blood in the Macdonald herd so the breeding 
is not greatly different. It would appear, therefore, that feeding manage¬ 
ment has been the cause of the difference in the shape of the curves. 

A study of the live weights of all the animals in each group of the 
Nappan pigs disclosed a wide range in their weights at any particular time. 
In many instances when the average weight of the group was 100 pounds 
the lighter ones were only 80 pounds while the heavier ones were 120 pounds. 
Since this was the weight at which the protein in the feed was reduced, 
the change occurred late for the large pigs and early for the small ones. 
This gave a low protein intake for the small pigs in each group because of: 
(1) premature reduction of protein in the ration, and (2) low feed intake 
because of competition at the feed trough. Thus it seems logical to expect 
lower than average gains on these pigs following their attaining a weight 
of 70 pounds. P!^re 4 would seem to bear out this hypothesis. 

The greater slope of the curve as it approaches the 200-pound weight 
is apparently due to the faster growing pigs rather than the slower ones. 
Comparison of the curves for pigs requiring 14 and 18 weeks, respectively, 
of feeing to reach market weight show the rate of gain for the latter group 
to be practically constant after the pigs reach 100 pounds in weight, while 
the rate for the former group continues to increase (Figure 4). This must 
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surely mean the 18-week group could have consumed more feed if they had 
had access to it. Since the 14-week pigs were out of the picture, at this 
time, the feed allowance must be the limiting factor in feed consumption. 


SUMMARY 

Data are presented indicating average daily live weight increases of 
group-fed Yorkshire pigs at various live weights from 30 to 200 pounds. 

This study indicates that the rates of live weight increase for bacon 
type pigs are influenced by feeding practice. 
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ERRATUM 

In the article entitled, ‘'A revision of the North American species of 
the Phasia complex (Diptera, Tachinidae)*’, by A. R. Brooks in the July, 
1945, issue of Scientific Agriculture (Vol. 25, No. 11, pp. 647-679), two 
plates were omitted and the legend for Plate II (page 651) is incorrect. 
The legend for Plate II is as follows: 

'‘Figures 8-13. Male wings. Drawn to same scale.’* 

Plates III and IV appear on succeeding pages of the current (August, 
1945, Vol. 25, No. 12) issue, and should be cut out and inserted in their 
proper place in the July issue. 
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Flats I 



Symptoms, of the pink rot disease on potato tubers and plants. 

1. Young tubers—Left, healthy; Right, cKseased. 

2. External symptoms on tubers of Netted Gem, Burbank, White Rose, Sequoia and 
Columbia varieties. 

3. Left, check. Right, necrosis of base of stem and formation of aerial tubers caused 
by the fungus. 

4. A and B. Showing jiecrosis of stems and decay of motlier tubers. C. Check. 

























